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AHSB(S) HANDBOOK 5

PREFACE

The literature of critical size measurements is extensive and can be con-
fusing, the same measurement may be reported in a number of places and there
may sometimes be variation in detail in the different accounts. Access to
papers and reports can also be difficult and will depend on the library
facilities available. To establish what measurements have been made in a
particular area of interest, and to find detailed and authoritative accounts
of the measurements can, therefore, be a time-consuming exercise. Nevertheless
this material is the basic data of criticality and the criticality specialist
must have recourse to it from time to time. For instance, he may need to check
a calculational method and any associated nuclear data against reference experi-
ments or a particular criticality clearance may depend on a detailed comparison
of parameters.

It was felt, therefore, that a need existed for a compilation of data in
relatively detailed form reference to which could take the place, at least in
the first instance, of reference to the original literature. It is hoped that
the present handbook which is to be published in three parts, goes at least some
way to meeting this need.

In compiling the handbook reference has been made, wherever possible, to the
primary account of the critical measurements reported and assemblies are des-
cribed in as close approximation as possible to the actual assemblies on which
measurements were made, (thus, subsequent shape changes, homogenisation etc.,
have been ignored). This is not to say however, that later accounts of an
experiment have not sometimes provided useful additional information. Many
excellent review articles and handbooks already exist in the criticality field,
providing generalised guidance and data correlations for more or less simpli-
fied systems. It is in no way the aim of this handbook to replace these: rather
it is to supplement them for the criticality specialist by collecting and
assimilating into tabular form, convenient for quick reference, the detailed
results on which they are founded and on which similar correlations can be
based in the future.

It is intended that the handbook should include only data for systems which
are relatively ‘clean' and where it is clear that the measurements were suf-
ficiently painstaking and the system was carried close enough to critical for
the result to be accurate. With this proviso it is believed that the handbook
is reasonably comprehensive so far as material generally available up to about
the beginning of the 1964 Geneva Conference is concerned.

Perhaps the most difficult problem in compiling the handbook has been the
allocation of the data into tables, determining the length and complexity of
the tables. Generally the allocations have been made as a compromise between
a desire to associate results for comparable and related systems and the need
to avoid tables which are so complex as to be difficult to read.
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INTRODUCTION TO THE TABLES

The Skeleton contents page given at the front of the handbook is supplemented
at the beginning of each chapter by a separate contents page showing the
organisation of the chapter and listing the tables the chapter contains.

Tables are identified by a title and additionally by a two part number of which
the first part denotes the chapter in which the table appears and the second
part the position of the table in the chapter. Also, as a further aid to

rapid reference, each page of the tables carries a 'page-title' in the top left
hand corner briefly summarising the type of system to which that chapter or
part-chapter refers, (i.e. the degree of heterogeneity - single units, inter-
acting arrays or latticed systems; the nature of the fissile nuclide; the
nature of any moderating nuclide; and, in the case of u23° systems, whether
the uranium is of high (> 90%) or lower enrichment).

Separate compilations of bibliographic references are given for each
chapter and follow immediately after the chapter contents pages.

To facilitate easy understanding of the tables a standard form of table
layout has been adopted, so far as possible, and an attempt has been made to
ensure that each Table is self-contained. As exceptions to these rules
information common to all (or nearly all) of the entries in a table is usually
brought to the head of the table in note form, thus reducing the complexity of
the Table layout, and material compositions and densities are omitted where
the materials concerned are commonly-occurring and feature in a large number

of Tables. The following compositions in densities may be used for these
commonly-occurring materials:

Type 304 Stainless Steel -

(American Iron and Steel Institute Designation); 18-0-20-0 wt% Cr,
8-0-12+0 wt® Ni, 2:0 wt% (max) Mn, 10 wt% (max) Si; density
7+9 gm/cc

Type 347 Stainless Steel -

(American Iron and Steel Institute Designation); 17:0-19:0 wt% Cr,
9+0-13:0 wt® Ni, 2:0 wt$ (max) Mn, 1-0 wt% max Si; density
793 gm/cc

Type 25 Aluminium -

(US Aluminium Assoc. Designatidn, now renamed Type 1100);
99:0 % aluminium (min.)

Type 3S Aluminium -

(US Aluminium Assoc. Designation, now renamed Type 3003);
1.2 wt% Mn

Zircaloy -

(Westinghouse Designation); zirconium with 1-:20-1-70 % Sn;
density 6+57 gm/cc

Lucite, Plexiglas or Perspex -

Polymethyl methacrylate plastics, atomic composition CsHgO>,
density 1+18 gm/cc

(iv)



Polyethylene -

Atomic composition CHp, density 0:92 gm/cc

Pararfin Wax -

Atomic composition CH,, density approx. 0+9 gm/cc

Boric acid -

Atomic composition H3BG3

enly numerical values actually provided bv the authors of a measurement
have been entered in the standard form of Table and, in consequence, there are
omissions in certain Tables. These can tsually be filled, by interpolation in
surrounding data. For instance, aqueous solutions of uranium are sometimes
~haracterised only by the H/U atomic ratio. The specific gravity, uranium
content, etc., can, however, be derived by comparison with similar solutions
used in other experiments.

informaticn wnich nas been generally excluded from the Tables includes:

(a) temperature of the assembly, provided this is near ambient
(b) detailed isotopic analysis of fissile materials
(

c) detailed analysis of materials of construction, etc., for trace
impurities except where significant quantities of neutron poisons
are found.

Notes appended to the Tables have been phrased so far as possible 'in the
words of the authors of the measurements referred to. Generally the notes con-
tain information which may be thought:

(a) to extend the usefulness of the measurements (e.g., a number of
subcritical observations are included under this heading), or

(b) to bear on the validity of the results (e.g., where available, the
values of corrections for unavoidable experimental perturbations
from ideal conditions, such as incidental neutron reflection from
room walls are given).

Where corrections for experimental conditions are not given it may be

assumed that suitable corrections have already been applied to the quoted

result. If this is not the case, or is believed not to be the case, appropriate
comment is made.

The followinag terminology and abbreviations are used:
Water - unless qualified this refers to ordinary light water

Mixture - unless qualified this means a mixture which is effectively
homogeneous

0.D. - outer diameter

I.D. - inner diameter.



Where the information required to fill a space in a table is not available
this is indicated by placing a dash - in the space.

(Note: as will be clear from an examination of the Tables an empty space in
a Table implies repetition of the data for the preceeding entry in
the Table. This is a device sometimes used to improve the legibility
of the sentence).
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EXPERIMENTAL RESULTS FOR SINGLE U?2% CORES MODERATED BY HYDROGEN - HIGH ENRICHMENIS

Table 5,1

Unreflected Spheres of Agueous UO2F, Solution

6€

Spheres Aluminium
SPHERE - URANIUM 2§§S%$§C SOLUTION HAu = PARAMETES?
Tﬁ?étbess ENRICHMENT 50L8¥10N CONCENTRATION ggggéc Diameter | Volume aass REFERENCE
(wt3) (gm U233/1itre) (litres) | (kgm)
0127 em ® | ~ %0 - 12518 2035 | 320 ecm | 17-020 | 2-1288 | 1,37
Fin 92:2 - 70+ 3 - | 13¢ins 22:25 1456 3
L in 92-2 - 407 - 16 ins | 34-95 | 1-42 3
0:2 cm 932 103 - 1112 5548 cm 911 213 2,37
0+32 cm 93-2 102 - 1393 69+2 cm 174 3425 2,37

a Type 3S Aluminium:

b Type 25 Aluminium,

solution feed and drain lines

connected at top and bottom,




EXPERIMENTAL RESULTS FOR U*>% CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

abl 2
Unreflected Spheres of Aqueous UQz (NO3)a Solution

(Includes Systems with Added Boron)

Fissile Solutions

Spheres

Contain small amounts of excess
nitric acid
Boron added as boric acid

Aluminium

SOLUTION CONCENTRATION
(gn/gm of solution)

DELAYED CRITICAL PARAMETERS

URANTUM SPECIFIC 7Y a3 1Y)
HAY NN 8/u
ENRICHMENT mg;n Total ATOMIC | ATOMIC | AToMIC s | ReFERExcE
SOLUTION | Uraniue Nl;.::n Boron RATIO RATIO RATIO Diameter Volume Mass
(wt %) NOy (1itres) | (kgm)
Unpoisoned Solutions
93-18 0-01881 - - - 1379 3:64 NIL 69:2 ca® 174 327" 2.
93-18 1-0288 0-01956 | 0-0187 - 1378 3-89 NIL 27-24 in. - - 4
93-21 1.0216 0-01482 | 0-0113 - 1835 3-08 NIL 4804 in. - - 4
Boron Poisoned Solutions
93-18 1.0333 0-02277 | 0:0212 | 0-0000905 | 1177 3-79 - 27°24 1n. - - 4
93-18 10387 0-02577 | 0-0237 | 0-00018 1033 3% - - -
93-18 1+0445 0-02724 | 0-0251 | 0-n0022 972 3475 - - - 4

a., Cylinder wall thickness 032 cn
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EXPERIMENTAL RESULTS FOR SINGLE U?’? CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5,3

Water Reflected Spheres of Aqueous UOzFz Solution
(Includes Systems at Elevated Temperature)

Spheres t Aluminium

DELAYED CRITICAL CORE PARAMETERS
STHERE | umawrw | SPECIEIC SOLUTION | H/u*®® | REFLECTOR
THICKNESS | ENRICHMENT OF CONCENTRATION | ATOMIC | THICKNESS Voluse y» Temperature | REFERENCE
(em) (wtg) SOLUTION | 7™ u?33/11tres | RATIO (cm) Diameter (1itres) '(‘:;:) (°c)

- - - 5061 473 | .Eff. tnf. | 9tns *| 632°% | 3.0® - 5
016 P 9318 100 - 7601 230 ca | 640 2.08 - 2
0-16 P 93-18 1.24 - 1265 236 cm | 696 1439 - 2
0-127 © ~ 9 - 106275 239+3 >15 6k cm | 9726 | 1.0100 85:5 1

- ¢ - - 10409 2454 9-713 0-9398 740 1

- ¢ - - 97-10 263+3 9-675 09353 395 1

- ¢ - - 9514 268-8 9-661 0-9183 275 1

- c - - 550525 9 | 468e2 9 32:0 on | 17-065 | 0-9158¢ 87+5 1

- - - 53017 4 | w876 ¢ 17.049 | 0-8903% 64e5 1

- - - 5213 9 | 496-5 ¢ 17-042 | 0-87928 5420 1

- - - s1.47 ¢ | 50309 17.032 | 0-8714° 43°0 1

- - - 50029 4 | 51509 9 17.020 | o-8ss89 27.0 1

- ° 932 - 94 524 Eff. tnf. | 12:6 ins | 17-0 0-841 - 6
0-20 - - 205 120 559 ca | H1-2 1.87 - 7

Sphere lacked 80 cc. being fulls the data extrapolate to a critical mass and concentration of 3:09 kg of U333 and
0-483 g UP%/cc (H/U*?? = 49-9) 1n a full sphere of capacity 6-4 litres

Type 25 Aluminium
Type 3S Aluminiums Solution feed and drain lines connected at top and bottom
Concentrations and masses measured with this sphere are said to be about 2% high because of a systematic error

Type 25 Aluminiums Solution feed ana drain line connected at top and bottom
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EXPERIMENTAL RESULTS FOR SINGLE U?33 CORES MODERATED BY HYDROGEN -
HIGH =NRICHMENTS

Table 5.4

Soheres of UH;/Polyethprne Mixture

Reference

17, 18

Fissile Mixture : Uranium enrichment, 3315 wt %,

Average atomic composition, UH2.97 Ci1.11 Og.2s.

In thesa experiments the cores were pseudospherns assembled from tablets that

L in. cubic units. The average density of the assembled

were multiples of 3
cores was 7-40 gm/cc.

REFLZCTOR DELAYED CRITICAL CORE PARAMETERS
. . "Hydride” Uranium
Material Density Thickness Volume Mass Mass
gn/cc (ins) (litres) (kgm) (kgm)
Natural Uranium 19 ~3L 19980 | 14-68 *7° | 13.54 2P
Nickel 3-8 ~8% 1-990 1472 1356
Nickel (against core) 88 ~ %
- 136 -
Natural Uranium 12+0 ~8
Nickel (against core) 88 ~1
- 13+8 -
Natural Uranium 17+0 ~1L

a. Critical mass increased by the order of 1% over a period of about 4 months

b, Changing core to cube increases critical mass by about 3%

102




EXPERIMENTAL RESULTS FOR SINGLE U?>2 CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5,5
Unreflocted Cylinders of Aqueous UOaFz Solution in Aluminium Containers

Cylinders : & in. wall thickness

SPECIFIC 2 DELAYED CRITICAL PARAMETERS

urnrd | Gaavity | SOLTEAR :/rgu:(’: Hefoht U3 | peremexce

ENRICHMENT SOLS:ION (om UD3/11tre) | RATIO | Diameter | Hetgnt | "2 Volume Mess
(wt %) (ins) (cms) Diameter (litres) (kgm)
932 - 5376 4403 876 | 219 ° 985 * | 852® | 458 5
93-2 - 480 50¢1 202.2° 910 * 7.7 * 7.8 * 8,37
93-2 - 47 5105 149-1° 58.0 * 7.2 8
93-2 - 437 55¢4 171.6° 772 * 66-8 * 29.2° s
93-2 - 402 60-8 162:5° 7.9 °* 63-2° 254 ° 8,37
93-2 - 373 6601 159-8° 719 ® 62.2 " 23.2° s
932 - 350 715 163-2° 7-35 * 635 % |222° s
93-2 - 537-6 3 9-5 s’ 18, | 23* 109 5
932 - 828-8 2741 10 38-9° 1.53 2 19.8 * 164 * 5
93-2 - 5376 443 351% 1-38 2 17.8 * 9-6°* 5
932 - 480 50-1 34-8° 1.37 2 - 8-40" 8,37
932 - 480 5041 33.9° 1.33 ° - b - 8
93-2 - 480 50+1 33-6° 132 | 169 € - ]
934 - 459 52.9 3%:0M® | 1.3 900 | 17.22%00 | 7.90%0 9
93-2 - 437 5544 34-3° 1035 % 174" 7-60" (]
93.2 - 402 60-8 34e1® 1.3 * 17.3 * 696" 8,37
93-2 - 373 6601 341° 1.34 2 17.3 * 645" 8
93-2 - 350 7.5 341" 1.3 ° 17.3 ° 6.06" (]
932 - 337 734 33.7° 1233 |17t 5-81° 5
93-2 - 200 83-1 344" 1.3 * 17.4 5022 8,37
93-2 - 9N 85-7 3492 1.38 2 17.7 5.15° 8

- 934 - 151 169:0 1o 1.62 900 | 20.8790° | 3.15%0 9
93-2 - 7749 328 147-8° 5.81 2 %9 * 5-83" 8
91.2 - 7644 551 170412 673 ° 86.2 * 672" 8,37
934 - 522 499 NIEC L INCVRLLE B L PN 9
93-2 - 537-6 43 12 23.2° 0-760° 16.9 2 91 * 5
93-2 - 480 5041 22.6" 0-740* 165 * 7.92* 8,37
93-2 - 437 5504 22.7* 0-744" 166 * 7.25° 8
932 - 402 60-8 22.7* 0-744° 166 * 667" 8,37
932 - 7644, M 32-8° 1.08 ° 23.9 * 1.86" 8,37
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Table 5,5 (Cont’d)

DELAYED CRITICAL PARAMETERS

v | Gaviry CONCRN FRATIOH :{g:: Helght 233 REFERENCE
ENRICHMENT so]_ﬁﬁxou (om u“’/litro) RATIO Dflmter Height / Volume Mass
(wt 2) (ins) (cms) {ameter (litres) (kgm)
93.2 - 828-8 2741 15 18.5 2 | 0-485 2 211 ° 17.5 * 5
" 932 - 5376 4403 17292 o410 |24 * {110 °* 5
93.2 - 480 501 1792 | o040 2 2.4 ° 9.79 © 8,37
93-2 - 480 501 172 | o451 ® - b - ® 8
93-2 - 331-4 7446 - 16.8 2 0441 ? 19.2 * 6o * 5
934 - 151 169:0 18-5 97® | 0,485 92@ | 29.09 9@ | 3.18 9s® 9
934 - 78-7 328:7 2107 9% | 0.570 0@ | 24073 4 | 1.95 De 9
93-2 - 7604 33 22.9 2 0-601 * 261 * 2.03 * 8,37
934 - 52:2 4990 27:4 9% | 0.718 91 | 31.24 90® | 1.63 9re 9
934 - 343 755 136 1 Ly D] 4907 DO | g e 9
932 - 8288 2741 20 15.8 2 0-311 2 3220 * 265 2 5
932 - 537-6 4403 150°% [o0:295% [ 304 * (163 °* 5
93-2 - 480 501 154% o0.302° | 310 * 149 ? 8,37
932 - 480 501 147°% lo.288° .0 - b 8
93-2 - 480 50+1 1404 © 0-282 © - ¢ - ¢ 8
932 - 02 60-8 15.3 2 0.1 * 310 * 12.5 * 8,37
93-0 - 337 734 152 1o0.295* |08 * |04 * 5
93.2 - 7941 325 13.7 2 0-368 ° 379 * 2.7 * 8,37
93.2 - 5376 443 kb 13.7% | o-180 ® 62-5 336 5
93-2 - 480 50-1 13.8°* |[o0.181® 62.9 * -2 * 8,7
93-2 - 480 50-1 129 © - ¢ - € - ¢ 8
93-2 - 342¢3 72:4 139 | o182 ° 63 * 2.6 2 5
932 - 7604 33 16:3% Joe214® | 73 ® 5079 2 8,37
93-2 - - 3731 1505 B _ b _ b _ b s
93-2 - - 39 152 © - - ¢ - € 5

a, Experimentally determined critical heignt increased by 0.4 cm to correct for the effect of the ', in, thick
cylinder base

b, Cylinder base 1 in, thick

c. Cylinder base 1l in, thick

d, Type 3S sluminium cylinder

e, Exporlnonts performed with the core surrounded by & 24 in. dia coaxial iron tank, One experiment repeated without
the tank said to show no observable change
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EXPERIMENTAL

RESULTS r)+ SINGLE U%2> MODERATED BY HYIIKOGEN - HIGH ENRICHMENTS

Table 5,6

Unreflected Cylinders of Aqueous UOaFa Selution in Stainless Steel Containers

Cylinders : Type 347 Stainless Steel, ‘J; in, Wall Thickness

These experiments were performed with the core surrounded by a 24 in, diameter co-sxial

l;on tank, One experiment repested without the tank was said to show no observable
change,
OPE DELAYED CRITICAL PARAMETERS
Specific 235 | DIAMETER R REFERENCE
e Greviey | o200 | e | ) [ | B2 veme | UL
Solution (pa U???/ 11tre) | Ratio Diameter (kom)
9344 - 8648 2 6 563412 2 2 >10-0 ? 9
934 - 864+8 24 3%435° 2 2 > 9.38% 9
- 724 3.6 547+9° 2 2 > 8-61* 9
- 538 4349 562:0° 2 2 > 8.28° 9
- 394 6141 >87+12 2 2 > 852" 9
9304 - 8688 24 8 >3.2° 2 2 > 8.79" 9
- 724 346 >39-3° 2 2 > 9.22° 9
- 538 43°9 35482 2 2 > 9.56° 9
- 356 627 >71.5° 2 22 > 9.18* 9
- 88 86+4 >41.2° 2 2 > 7.58° 9
- 205 1232 58172 2 2 > 5.43° 9
- 148 174 >45.8? 2 - > 412° 9
- 14 26 >85-8% 2 -2 > 37 9
— e e
93.2 - 400 660 g5 | >3 b L ab 2 5
93+4 - 8688 24 9 >24-9° 2 2 > 8.88" 9
- 724, 3.6 >32:0° 2 2 > 9.5 9
- 538 439 >90+0 - - >4 9
- 16 627 >56-0 - - > 91 9
- 33ea 74:6 59.0° | 2.58° 24:3° ge1® 5
- 288 8644 >57+5 - - > 6+80 9
- 205 123.2 >70:0 - - > 549 9
- 148 1740 >4602° - - > 2.812 9
334 - 863+8 2404 10 >28-0 - - 244 3
- 827 262 >25:0 - - 310:5 9
- 724 3.6 335:0 - - >12:8 9
- 538 439 32+3 1427 16+ 36 380 3
- 396 62-7 N7 1e25 | 16.05 6+36 ‘)
- 283 86e4 31 106 16416 465 ]
- 205 1232 3403 1435 173 3456 )
- 14 174 387 1ot el 201 )
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Table 5,6 (Cont'd,)

CORE DELAYED CRITICAL PARAMETERS
e |G | csobten | TGRS e | M | ot | 010 | peFERBE
Solution | (@Y 3/11tre) | Ratio Diameter (kgm)
934 - 114 226 10 4606 1:83 23-61 2:69 9
- 80-5 320 >75+0 - - 30 9
- 52:2 490 45:9° - - 1.2* 9
934 - 94 62:6 12 21.7 0:mM2 - 624 9
- 148 174 27 0-809 18-02 2:67 9
- 14 226 2602 0-857 19-11 2-18 9
- 80-5 320 -3 0:992 2210 1.78 9
- 52-2 499 489 1.60 35¢67 1:86 9
934 - 424 5607 15 171 00449 19449 | 8:26 9
- 116 221 19+5 0:551 22¢23 2:58 9
- 52.2 499 2740 0709 278 1.61 9
- 343 755 ALY, 109 4754 1:63 9
934 - 212 119 2 143 | 0281 28+98 6014 9
- 116 221 15:7 0208 31.81 369 9
- 787 329 174 | 0342 35.25 27 9
- 52.2 499 205 0403 4145 217 9
- 343 755 26+7 0525 54°10 1:86 9
- 2640 9990 360 | 0709 - 1+90 9

a, Believed not to be critical at any height
b. No iron tank surrounding core
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In the original document, Table 5.7 appeared on a single foldout page
number 107. It is reproduced here on the next 2 pages. The column
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EXPERIMENTAL RESULTS FOR SINGLE U?2? CORES M)DERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 7

Unreflected Cylinders of Aqueous U02(NO3)2 Solution in Aluminium Containers

Fissile Solutions

(Includes Systems with added phosphorus)

Contain small amounts of excess nitric acid,
Phosphorus added as onthophosphoric acid (H3PO4)

DELAYED CRITICAL PARAMETERS

cYLINDER 2 | uRANIUM zgﬁfligc SOLUTION H/U?3S | N33 | P33
WALL ENRICHMENT OF CONCENTRATION | ATOMIC | ATOMIC | ATOMIC Helght Height Volume U?35 | REFERENCE
THICKNESS (wt. %) SOLUTION (gmU/1litre) RATIO RATIO RATIO Diameter (cm ) - (1itres) Mass
Diameter (kgm)
Unpoisoned Solutions

1/16 in. 93-3 1-55 35) 61-8 2-86 Nil 8+0 in, w ® - o 10
1/16 in. 93:3 1+55 359 618 2-86 Nil 9.0 in. © © - o 10

. b b b
159 mm 92-6 155 380 590 - Nil 241 cm 717 - - 12-50 14
159 mm 92-6 1-55 380 59-0 - Nil 25+4 cm 458 - - 8-82 14
1/16 in. 933 116 105 240 2:86 Nil 10-0 in. | 724 2-85 - 382 10
1/16 in. 93-3 117 73 327 7+ 48 Nil o P - © 10
1/16 in, 93-3 111 73 352 2:86 Nil ) P - o 10
1/16 in. 93-3 1451 236 88-0 748 Nil 12:0 in. | 35-2 1415 - 6-06 10
1/16 in. 93-3 1.23 102 230 748 Nil 329 1-08 - 2-44 10
1/16 in. 93-3 1-16 105 240 2:86 Nil 29-2 0-958 - 2+23 10
1/16 in. 933 117 73 327 748 Nil 402 1-32 - 2415 10
1/16 in. 93-3 111 73 352 2-86 Nil 36-8 1-21 - 1-94 10
1/16 in. 933 1-08 53 493 2-86 Nil 495 1-62 - 1-91 10
1/16 in, 93+3 106 36 733 2:-86 Nil o © - o 10




DELAYED CRITICAL PARAMETERS

CYLINDER 2 | URANIUM ZEESiﬁip SOLUTION w233 | NuBS | PP -
WALL ENRICHMENT OF CONCE?TRATION ATOMIC | ATOMIC | ATOMIC Helght _ffiﬂﬁi Volume u23s REFERENCE
THICKNESS (wt.®) (gmU/1litre) RATIO RATIO RATIO Diameter Mass
SOLUTION (em ) | Diameter | (1itres) | o)
Unpoisoned Solutions
159 mm 926 1-55 380 59-0 - Nil 30+5 cm 258 - - 7-45 14
159 mm 92-6 1455 380 590 - Nil 381 cm 1947 - - 851 14
1/16 in, '93-3 1-51 236 88-0 748 Nil 15 in. 22-6 0-593 - 6-09 10
1/16 in, 93-3 1-23 102 20 7+48 Nil 22.7 0-596 - 2:63 .10
1/16 1in, 93-3 1-16 105 240 2-86 Nil 20+9 0°549 - 2 10
1/16 in, 93-3 1-17 73 327 7-48 Nil 2541 0+659 - 2:09 10
1/16 in, 933 1-11 73 352 286 Nil 240 0630 - 1-99 10
1/16 in. 933 1-08 53 493 2-86 Nil 28-3 0+743 - 1.7 10
1/16 in, 93-3 106 36 733 2-86 Nil 446 117 - 179 10
Phosphorus Poisoned Solutions
1/16 in., 933 1-67 55 316 2-9 531 15 in, 432 113 - 2:72 10

a, Type 3S aluminium

b. Experimentally determined critical height increased by O+<4cm to correct for the effect of the % in, thick

cylinder base




EXPERIMENTAL RESULTS FOR SINGLE U?>3 CORES MODERATED BY HYDROGEN

Table 5.8
Unreflected Cylinders of Aqueous U0z (NO3)2 Solution in Stainless Stee) Containers

Fissile Solution : Contained small amounts of excess nitric acid

801

— gﬁ;gc SOLUTION CONCENTRATION s | s DELAYED CRITICAL PARAMETERS

ENRICHMENT OF y3s Uraniun | TOtal Nitrate | ATOMIC | ATOMIC Height Volume U233 | REFERENCE
(wt %) SOLUTION | (gn/1itre) | (oo/gm) Ic(:;;/l;?; RATIO RATIO Diameter Height —_ (1itres) I(ﬁ:;)

92-8 - 25-9 - - 1,000 3-8 50-8 ca 38-3 cm 0754 777 2-01 7
92.8 - 1613 - - 1,604 3-8 1547 cm 45-1 cm 0-292 848 13-68 |’ 7
93-22 1-0229 - 0-01692 0-0128 1,604 3-08 60-92 in 18-31 in - - - 4
93-03 10247 - 0-01661 00142 1,634 347 €0-92 in 19:D in - - - 4
92-8 - 14-22 - - 1,821 3-8 154°7 o 72:7 cm 0-470 1,368 19-45 7
93-12 1-0209 - 0-01496 0-0120 1,821 3-25 60+92 in. 2923 in. - - - 4
92-8 - 13-59 - - 1,905 3-8 154°7 ca [ 1052 cm 0-680 1,978 26-88 i
93-11 1-0204 - 0-01431 0-0122 1,905 347 60-92 in 42-06 in. - - - 4
92-8 - 13-07 - - 1,981 3-8 1547 cm 33 1-3 3,822 4995 7
93-01 1-0197 - 0-01379 0-0126 1,981 37N €0-92 in 80-68 in. - - - 4
92-8 - 13-24 - - 1,951 3-8 27, ca 909 cm 0-332 5,340 70-8 7
92-79 1+0194 - 0-01400 0-0142 1,955 4415 | 1077 in 358 in. - - - 4
92-8 - 12-92 - - 2,000 3-8 2l o |122:4 cm 0-447 7,190 92-3 7
92-78 1.0218 - 0-01366 0-0138 2,004 4413 |107-7 in 47°0 in - - - 4
92-8 - 12:61 - - 2,052 38 274 ca 2,12 cm 0-880 14,1%0 178-8 7
92-82 10210 - 0-01333 00135 2,052 414 }107-7 in 94°9 1in. - - - 4




EXPERIMENTAL RESULTS FOR SINGLE U??? CORES, MODERATED BY HYDROGEN

Agu:

Table 5,9

olutjon in Aluminjium Container

Cylinders ¢ in, wall thickness

ull Water Re

tor

CORE DELAYED CRITICAL CORE PARAMETERS
EUrlnh. g:::::;c Solution Hfy??? :‘::ﬁg Dx:f‘;“ Hetont Helght Volume ys» REFERENCB

arichaent Concentration | Atoamic (in.) Mass

(wt %) 501::“" (gn U323/11tre) | Ratlo (cm) Dlameter |(11tTes) (kgm)
93+2 - 537-6 44:3 | Eff, Inf, 5.5 | >22.8" - - - 5, 8
934 - 42 5647 44 >7403%° L S 9
93-2 - 828.8 2741 | Eff, Inf, 6 89+3° s-a5 9 | 1626 | 1347 5

- 93.2 - 532 43°2 | Eff. Inf. 70419 s609 | 1289 | 6eard s —

934 - 459 52-9 AR 7.9° | 464 ® | 1298 | s.95® 9
934 - 415 58-8 >uL° 71.8° e ® | 13a0® | s 9
93+4 - 212 119:0 >45° >72-6" - - * Pr2.et 9
934 - 827 2602 | >4 65 | aes® | 2P | 956 | 7.9° 9
932 - 53746 43 | Eff. Inf. 38.7° 223" 8e25® | 4ess® 5
934 - 459 5229 | >4l° 39-2 | 2237° | 839° | 3es® 9
934 - A2 567 | >alC w0 | 2 | ses® | 367 9
93-2 - s 78-7 | Eff. Inf. 42:6 2-58 912 287 7
934 - 212 190 | >af° s26° | 319° | 11.26® | 2.39° 9
934 - 116 221 a4 616800 | L BB} 8B g g0 9
934 - 827 62 | >4l 8 20s® | 1006 | 692° | s5.76° 9
934 - 759 2949 | >4 27 | 1:02° | &m® | s.09® 9
93-2 - 537 432 | Eff. Inf, 18:¢0 | o.9159 605 | 3.25° s
93-2 - 488 495 | Eff. Inf. 18:8 0925 609 297 7
934 - 459 s29 | suff 195 | ow960® | 632° | 29" 9
934 - 415 sa8 | >af° 205 | 1001 | 66s® | 276" 9
93-2 - 3s 787 | Eff. Inf. 194 0-955 628 198 ?
9344 - 25 9-5 >45° 2:4° | 110° | 7.26® | 1. 9
934 - 1% 1920 | >af° 281% | 138P | 9een® | 1.22° 9
934 - L 2900 | >4° w1® | 1:97% | 13.00° | 128° 9
934 - 522 499 >4L° stes | P L O 9
932 - 828+8 2741 | Eff, It | 10 124 0- 488° 39 | 529 5
932 - 537 432 | Eff, Inf. 125 0-492% eud | 3wl s
93-2 - 88 49+5 | Eff. Inf, 12:6 00496 6+25 3410 7
934 - %39 5229 | >4f° 138 | cesz® | em® | 312 9
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Jable 5,9 (Cont'd,)

CORE REFLECTOR AMETER DELAYED CRITICAL CORE PARAMETERS
cortome | Sty | cotten, | TR ] AT g | M yorume | 20|

(wt €) 5013:““ (om U223/11tre) | Ratto (em) Diameter | (litTes) ?::)
332 - 199 127 | Eff. Inf, 14l | 0566 7.3 1445 7
934 . 78.7 3287 > 4 2:4° | 0-882° | 11.35° | o0.89° 9
934 . 55+2 499 > W 35:2° | 1239° | 17.8° | o0.9%° 9
934 . 3%+3 755 > 44¢ > 56.4W0| D 3015 098P 9
93-2 - 828-8 271 | Eff. Inf. | 15 779 | 0-202¢ g8d | 7.3¢ s
93+ - 459 529 > 44° 7-90° | 0:207® | 901" | 4wl 9
934 - 424 56+7 > 44 g50” | 0:223° | 969" | 4et® 9
934 - 16 22140 AL 11-30° | 0.296° | 12.88° | 1.49® 9
9344 - 55-2 499-0 > 41° 16-90° | 0-a48® | 19.27° 101° 9
93-4 . 3%-3 755-0 > 41 27010° | 0-710° | 29.75° 1.02° 9
93+4 - 26+0 999-0 > 45 we® | 1016° | s0-s0° 13 9

a.
b.

Ce

d.

Belleved not to be critical at any height

Type 3S aluminium cylinder

These experiments were performed inside a 24 in. dia water tank, maintaining at
least 41 in. of water on the core bottom.

surface of the core

Experimentally determined critical height reduced by 0:7 cm to correct for the

effect of the } in. thick cylinder base

110

A small sluminium water tank, 6 in.
deep nné fitting snugly into the core cylinder provided reflection to the top




EXPERIMENTAL RESULTS FOR SINGLE U?>% CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

lable 5.10

Cylinderss Type 347 Stainless Steel, ;x‘ ins. wall thickness

SPECIFIC CORE DELAYED CRITICAL CORE PARAMETERS

GlA(VrITY G)%m?“l’lm Uranium Huad* giﬁg - Heigh ydI’ REFERENCE

soLutIon | (9@ U333/11tre) | Enrichment | Atomic (in.) D::::)t" ?::3;“' / '(1’::‘!‘::) Mass

(wt %) Ratio Lameter (kgm)

- 8688 934 %4 | >4 ® 6 > 56+9 -2 -2 > 9-02 9
- 72 9344 36 | >43° > 666 .2 -2 > 8.80 9
- 537+6 93:2 443 | Eff.Inf 184 | 776 21.55 11-59 5
- 9 934 6141 | >4 ® > 8746 -2 -2 | >630 9
- 34 93.2 746 Eff.Inf >143-7 - -3 - 5
- 288 934 8644 >4 o > 72-9 -2 -2 > 3.83 9
- 724 9344 36 | >4 ° 65 49-0 | 296 10449 7.59 9.
- 538 439 | >41° 4741 | 2.85 10+08 5.42 9
- 96 627 | >43® 479 | 290 10-25 406 9
- 288 864 | >4l ® 53.8 | 3:26 11451 33 9
- 205 123.2 80 4-85 - 3+50 9
- 148 1760 | >4 5723 -2 -2 > 2.29 9
- 869 9344 2l | >3 ® 7 3544 1.98 8-79 763 9
- 724 N6 | >4}° 3%-0 | 191 84k 611 9
- 538 39 |>a® 327 | 1.8 812 437 9
- 394 6101 | >4 ® 326 | 1-83 809 3419 9
- 288 864 | >4t ° 36-0 | 2-02 8494 2.57 9
- 205 1232 | >4 ° 423 | 2.38 10-50 2.15 9
- 148 7% >4 ® 57.3 | 3.22 14:22 2-10 9
- 14 226 >4 ® >69-9 - - > 1.98 9
- 869 934 Ut | >44° 8 234 | 145 7.59 659 9
- 827 %2 | >4)® 23-5 1.16 7-62 6+30 9
- 724 N6 |>4® 22.6 1001 7.33 5.31 9
- 538 439 >4 21-9 1.08 7.10 3-82 9
- 424 567 | >4} ° 22.2 | 1.9 7.20 3-05 9
- 415 58.8 | >4} ° 20-8 1.02 674 2-80 9
- 96 627 | >4 ® 22:9 | 1.13 7-42 2.94 9
- 288 864 | >4l® 238 | 147 772 2.22 9
- 254 95 |>4° 242 | 1419 7-85 1:99 9
- 205 1232 | >4t ® 260 | 1.28 843 1.73 9
- 148 174 >4 ° 3041 | 148 9-76 144 9
- 134 192 >4 ° 294 | 1445 9-53 1.28 9
- 14 226 >4 ° 363 | 1.79 1.77 1434 9
- 80-5 320 >4 P 60-1 | 2.96 19+48 1.57 9
- 869 9344 i el > 4l b 9 1844 0-805 7.55 6-56 9




r2ble 5.7C {Contd)

ﬁiﬁ}?ic co's‘g[é:;;g'ho“ CORE - ?E?;g;gg DELAYED CRITICAL CORE PARAMETERS N
soLurion | (om U3 1ere) | ERRIR ’;{gmtc (4n.) | Diameter| Hetoht | "1 | volune :::i
(wt %) Ratio (ins) (cms) Diameter (1itres) (kgm)
- 724 1146 > uP 181 | 0-791 743 5.38 9
- 538 439 > Agb 17-8 0-778 730 3.93 9
- 39 6247 >a® 18:0 | 0.787 7.39 2.93 9
- 288 86+4 > 44P 187 | 0-816 767 2:21 9
- 205 123-2 > ai® 19:9 | 0-870 816 1067 9
- 148 174 > 44° 2:2 | o097 9-11 135 9
- 14 226 > oi? 253 | 1em 10-38 118 9
- 80+5 320 > 44P 33:0 | 14 1354 109 9
- 52:2 499 > u° : > 405 - . >0-87 9
- 869 934 FIRTA > u4° 10 15:3 | 0-603 7475 673 9
- 724 EARY) > Ltb ; - - : - 5+61 9
- 538 439 >a 129 | o-sse | 755 406 9
- 396 62-7 > 44 502 | 0598 70 ) 305 9
- 288 864 > 1544 0-606 7.80 225 9
- 205 123-2 > 450 : 16:8 | 0-661 8-51 17 9
- 148 174 > 18:1 | 0-713 9:17 1436 9
- 14 226 > 44° E 200 | 0-788 10-13 1.15 9
- 805 320 > ut® |, 25:0 | 0-985 12:67 1.02 9
- 52:2 499 >u® | 007 | 1460 . 1.08 9
', : {
- 39 9344 5246 >u |2 1223 1 9.03 1 897 | 353 9
- 148 7L > 43P | %9 | oss | 1087 i 1461 9
- N 226 > | 165 | oeser azeas ! 1w 9
- 80-5 320 > 44° ! @5 | o6 | 1350 | 109 9
- 52:2 499 >’ 2603 | 0-862 b g9 | 100 9
- 343 755 > 41° l 487 | 1-60 {3553 | 122 9
- 262 9990 > 4P ! > 69:0° -2 j -2 >1.31° 9
' * m
- 424 934 567 > 1 s w01 | o265 | 11est i 488 9
. 116 221 > 4P : 130 | 0-31 : 1482 | 172 9
- 52:2 29 > P i 0 | 0525 | 2212 1415 9
- 3%+3 755 > 28-8 | 0-755 ! 32-83 1413 9
- 262 999-0 > 4P ; 52:4 | '1.38 i - 1.55 9
|

a. Believed not to be critical at any height

b. These experiments were performed inside a 24 inch diameter water tank,
maintaining at least 4% inches of water on the core bottom. A small
zluminium water tank, 6 inches deep and fitting snugly into the core
cylinder provided reflection to the top surface of the core.
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EXPERIMENTAL RESULTS. FOR SINGLE U?>> CORES MODERATED BY HYDROGEN-HIGH ENRICHMENTS

Table

5.1

Cylinders of Aqueous U0,(NOj); Solution with Full Water Reflector

(Includes Systems With Added Phosphorus)

Reference

Flssile Solutions

Cylinders
Reflector Thickness:

10

Uranium enrichment 93-3%

Solutions contain small amounts of excess nitric acid.
Phosphorus added as orthophaspheric acid (HjPO4).

1/16 in. thick Type 3S aluminium.

Effectively infinite.

CORE DELAYED CRITICAL CORE PARAMETERS
g::ﬁ:;c Cots\:::::::m H/U33 N/U | ppy2d’ m?';'::ff Tz;z')“ Hoton® 3:::
solution | (9m U#?%/11tre) lameter (kgm)

Unpoisoned Solutions
7
- 359 618 2-86 NIL 8-0 255 | 125 229
- 105 240 2186 367 1.81 124
- 359 61-8 2:86 NIL 9-0 19-7 | 0-862 2-%0
- 236 88-0 7.48 2147 | 1.2 2:69
- 105 240 2-86 253 1e1 1.08
- 73 352 2-86 350 1+53 104
- 359 61-8 2:86 NIL 100 16:6 . 0654 3-02
- 236 88-0 7-48 224 0-882 2467
- 102 230 7-48 2246 0890 1417
- 105 240 2-86 2001 i 0791 1.06
- 73 zr 7-48 28-2 1011 105
- 73 352 2-86 262 1-03 0-96
- 53 493 2-86 370 146 100
- 236 88.0 7-48 NIL 120 163 0-535 2-81
- 102 2% 7-48 16-8 0+551 125
- 105 240 2:86 151 04495 1415
- 73 z 7-48 20-0 0656 1.07
- 73 352 2-86 19-3 0633 1-02
- 53 493 2:86 246 0-807 095
- 36 733 2-86 432 e 1-11
- 359 618 2-86 NIL 150 9-4 0247 3:85
- 236 88-0 7:48 12-7 0333 342
- 102 230 7-48 132 0-346 1-53
- 105 240 2:86 12:2 0-320 1445
- 73 327 7+48 151 0-396 1:26
- 73 352 2-86 144 0-378 1.0
- 53 493 2:86 -9 0-470 108
- 36 733 2:86 267 0701 1-07
A
13




Table 5.11 (Cont.

CORE DELAYED CRITICAL CORE PARAMETER
Specific - 299
Solution Height u
Gu::ty Concentration H/Y?»? N/u3» | pfyid? Dt:::;’" Hztz:; Mass
Solution (om U432/11tre) Diameter tkom)
Phos| () n utions
- 55 316 29 531 12+0 435 143 175
- 11 180 55 12+4 15-0 18-9 0496 25
- 15+4 0404 20
- 55 316 2+9 53-1 26-8 0-703 169
- 295 0-T74% 1-86
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EXPERIMENTAL RESULTS FOR SINGLE U?>> CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

pab 21

Partiall ter Reflected inders of Aqueous
(see also Table 5.12 (b), (c), (d))

Reference:
Fissile Solutions

8

Uranium enrichment, 932 wt$
Specific gravity, -
Concentration, 537 gmu?2?/1itre
H/U?33 atomic Ratio, 43+2

Cylinders: 1/16 in. thick aluminium
Reflector: Effectively infinite thickness, but with a void space
{mmediately above the fissile solution the thickness
of which is noted in the table.
DELAYED CRITICAL CORE PARAMETERS
REFLECTOR
voI1D a3
THICKNESS Diameter Height Height Volume v
(cm) (ins) (cms) (1itres) Mass
Diameter (kgm)
nil 10 125 - - -
1 136 - - -
2 1375 - - -
'y 1415 - - -
6 145 - - -
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SXPERIMENTAL RESULTS FOR SINGLE U??3 CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5.1 b

Partially Water Reflected Cylinders of Aqueous UO, F, Solution
(See also Tables 5.12 (a), (c¢), (d))

Uranium enrichment: 932 wt%
Cylinders: % in._thick aluminium

Reflectors Effectively infinite thickness on bottom and sides of core to a height
equal to that of the fissile solution.

CORE DELAYED CRITICAL CCRE PARAMETERS
Specific 233 Height 235
Solution H/U u REFERENCE
Gra:tty Concentration Atomic m?'{':;‘; H?i’?‘:; (\{zt:'::) Mass
Solution (gm U22/11tre) Ratio N iameter (kgm)
- 5376 43 6 75.0% 492 ° 13-65° 7-342 5
- 537-6 RS 7.5 2572 1235 2 7-32° 3-93° ! 5
— ]
- 537-6 boases 3 23-6% 116 2 7.67% | 4e12? ! 5
1 i }
- 342+3 ST 23+3° 1015 2 7577 1 2597 | s
1 I | ;
- 488 Lasss | 0 16+5 0+650 8-35 | 408 7
: i ;
- 342°3 Co72e4| Lo1e7? 0-658° 8-48" | 2-90° 5
‘ | i i
- 337 Pomee [ e8! 0-661° 8-53% | 2-87% 5
: | ! a a a | a
- 33144 [ 7465 . 1200 0-315 13770 4 5
) i - ‘
- 342+3 7244 | 0 | o0-e* | o-285° 215 1 q.38 5
: , :
. |
- 362-3 ‘ 7204 ) - ce121? 429 ° l 144 2 5
1
a. Experimentally determined critical height reduced by O*7 cm

to correct for the effect of the § in. thick cylinder base
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EXPERIMENTAL RESULTS FOR SINGLE U%>? CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5.1 c

Partially Water Reflected Cylinders of Aqueous UO,F; Solution

References

(see also Table 5.12 (a) (b) (d))
9

Fissile Solutions Uranium enrichment, 934 wtf$

Concentration, 459 gm U?3%/11itre
H/U33% Atomic Ratio, 52-9

Cylinders ‘-Lbin. thick Type 3S aluminium
Reflectors Effectively infinite thickness on bottom and side
of core to the height shown in the table. The
experiments were performed inside a 24 in. dia.
water tank maintaining at least 4} in. water on
the core bottom.
REFLECTOR
HETGHT DELAYED CRITICAL CORE PARAMETERS
(see notes
Helght 23
prefacing Diameter Height Volume v
Table) (ins.) (cms) (litres) Mass
(cms) : Diameter (kgm)
82-5 10 1525 - - -
555 15450 - - -
225 1575 - - -
1675 16-75 - - -
8-25 2375 - - -
NIL 29:0 - - -
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EXPERIMENTAL RESULTS FOR SINGLE U?2° CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5.12 (d)
Partially Water Reflected Cylinders of Aqueous UO:F,

(See also Tables 5.12 (a), (b), (c)
Reference: 8
Uranium enrichment: 93:2 wt%
Cylinders: % in. thick aluminium

CORE DELAYED CRITICAL CORE PARAMETERS
Specific . 235 REFLECTOR Height 235
Gravity solution H/U” GEOMETRY Diameter | Height 1 Volume v
of Concentration Atomic (in.) (cas) 15//’ (litres) Mass
I (gm U%3°/litre) | Ratio : iameter | (kgm)
Solution 4

Effectively infinite
reflector separated from
- 470 515 core on the lateral surface 8 664 - 21:6 102
only by a 6 in. thick
annular air-gap

6 in. thick radial
reflector only - 253 - 8.2 3-85
6 in. thick on half (180°) ) ) . .

of radial surface only 46-1 15-0 7-05

4 in. thick on bottom and
- 78-5 328 on one half (180°) of 10 38-0 - 19-3 1-52
radial surface
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Table 5,13 (a)
Cylinders of Aqueous UQ2 (NO3)2 Solution with Partial Water and/or Lucite Reflector

REFERENCES: 10, 14
Fissile Solution: Uranium enrichment, 93-3 wt%
N/U?2% atomic ratio, = 2-86

Cylinders: ¢z in. thick type 35 aluminium

Reflector 3, Effectively infinite thickness but separated from the core radially by an
annular air gap. The air gap was maintained by a series of nesting con-
centric annuli split longitudinally along a diameter and fabricated in
T% in, aluminium. The outside thickness of the four inner annuli,

measured along a radius, was 1 in, and the thickness of the remaining
annulus 2 in,

T
CORE DELAYED CRITICAL CORE PARAMETERS
‘ - REFLECTOR
Specific | 23s | VOID : 235
Gravity Solut}on H/U THICKNESS | Diameter | Height Heigh v
of Concentration | Atomic (ins. ) (ins.) (cm) Mass
Solution | (9m U/litre) Ratio Diameter | (kgm)
- 359 618 1-0 10 19-0 0-748 3445
2<0 210 0827 3-81
3-0 22+4, 0+882 408
40 23-6 0-929 428
- 105 240 10 10 24+0 0-945 127
2-0 265 104 140
4°0 724 2-85 1457
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EXPERIMENTAL RESULTS FOR SINGLE U#2? CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5,1 b

Cylinders of Aqueous UO2(NO3)z Solution with Partial Water and/or Lucite Reflector
(see also Tables 5.13(a)(c)(d))

Reference s 15
Uranium enrjchment 1 > 90 wt%
Cylinders H } in., thick stainless steel

Reflectort 10 in. thick Lucite on core bottom and 8 in. thick water on side to a height
equal to that of the fissile solution (see Figure 5.1), ThLere are sald to
be indications that the upper base plate acted as a partial top reflector;
the magnitude of this effect was not measured, however.

CORE DELAYED CRITICAL CORE PARAMETERS
g?::i::c c Solutio:i :{2;:2 2{3;2: Di?metir H?ight ﬁﬁfﬁgﬁﬁ ::::
Solztion encentratlion | patio Ratio (ins. cm) iameter | (kgm)
- - 1633 + 2 - 3548 587 - 591
- - 1688 - 692 - 675
- - 1710 - 75¢2 - T2
- - 1721 - 791 - 757
- - 1739 - 86-6 - 8-
- - 1757 - 955 - 895
- - 1773 - 106+2 - | 987
- - 1776 - 110-0 - 10-21

120



EXPERIMENTAL RESULTS FOR SINGLE U222 CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5,1 c)

Cylinders of Aqueous UQz(NOj)a Solution with Partial Water and[or Lucite Reflector

(see also Tables 5.13(a)(b)(d))

‘Reference ‘1 10
Uranium enrichment : 933 wt$,
Cylinders t 77 in, thick Type 35 Aluminium
Reflector : hadial Reflector only, contained in a series of nesting con-
centric annull split longitudinally along a diameter and
fabricated in z in, aluminium. The outside thickness of the
four inner annull, measured along a radius, was 1 in, and the
thickness of the remaining annuli 2 in,
CORE DELAYED CRITICAL CORE PARAMETERS
REFLECTOR
) THICKNESS a3s
Specific 233 235 u
Gravity | Solution HMU NN (See notes Diameter | Height Height | | o
of oncentration | Atomic | Atomic | prefacing Table) (in.) (cm) (kgm)
Solution (gmu/1itre) | Ratio | Ratio |. (in.) Diameter
- 359 618 286 0-88 10 286 113 520
175 246 0-969 4o 47
2:63 233 0917 424
3-50 2249 0+902 4°16
105 20 2:86 0.88 10 33:6 132 178
175 2844 112 151 .
2:63 269 106 142
350 266 105 141
- 73 352 2:86 0-88 10 439 173 1-61
175 35-3 139 1+30
3-50 325 128 1-20
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EXPERIMENTAL RESULTS FOR SINGLE U222 CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5,13 (d)

Cylinders of Aqueous UO2(NOa)z Solution
with Partial Water and/or Lucite Reflector

(See also Tables 5.13(a)(b){(c))

Reference : 15
Uranium enrichment s > 90 wt%
Cylinders 1+ 8 in, thick Stainless Steel

Reflector s 10 in. thick Lucite Bottom Reflector only; See Figure 5.1, There are
said to be indications that the upper base plate acted as a partial top
reflector; the magnitude of this effect was not measured, however,

CORE 'DELAYED CRITICAL CORE PARAMETERS

Speci fic 235 235 235
Gravity Solution HA N/ Diameter | Height Height u
Atomic | Atomic Mass
of Concentration Ratio Ratlo (in.) (cm) Stameter | (kom)
Solution agm
- - 1633 - 35448 617 - 621
- - 1688 - T4+2 - Te24
- - 1710 - 815 - 7-85
- - 1721 - 86-1 - 824
- - 1739 - 953 - " 9-03
- L - 1757 - 106-7 - 10+00
- - 1773 - 120-9 - 11-24
- - 1776 - 1270 - 11-78
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EXPERIMENTAL RESULTS FOR SINGLE U?3’ CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5,14

Cadmium Clad Cylinders of aqueous UDpFz Solution with Water Reflector

Reference
Uranium Enrichment

Cylinders

Reflector Thickness 1

?

9324 wt$
rg inch thick Type 34/ Stainless Steel Clad with O-44
gm/sq. cm Cadmium,

These experiments were performed inside a 24 inch
diameter water tank, maintaining at least L% inches

water on the core bottom.
tank, 6 inches deep and fitting snugly into the core
cylinder provided reflection to the top of the core.

A small aluminium water

CORE DELAYED CRITICAL CORE PARAMETERS
Specific , DIAMETER ,
Gsa:;ty Coizl::;:ZIOn Q{gm:: (in) ?z;q?t Held (Y?i:::) 33::
Solution (gm U?33/11tre)| Ratio Diameter (kgm)

- 124 3146 7 > 5043 2 -2 22 > 9.04 2

- 238 8604 > 71.9 2 . -2 > 5e15 2

- 868-8 2404, 8 > 30-8 - - > 8:69

- 124 3146 > 35.9 ° - - > 843 °

- 538 439 515 254 1670 898

- 396 627 L84 238 15-69 621

- 288 86¢4 56¢5 2-78 18+32 528

- 868-8 204 9 > 247 - - > 8-80

- 724 31-6 290 1.27 11.90 8-62

- 538 43:9 28-8 1.26 11.82 636

- 396 6247 23+3 1.24 11.64 461

- 288 86:4 29.2 1.28 11.98 345

- 205 123.2 320 1:40 13413 2-69

- 148 1740 37-3 1-63 15430 2:26

- 14 226-0 > 41-2 - - >1-93

- 805 320 > 40+5 ° -2 -2 >3

- 868-8 244 10 234 0-921 - 10-3

- 724, 31-6 2141 0-832 1069 774

- 538 439 214 0-843 10-84 583

- 396 6247 22:0 0-866 11.15 4od2

- 233 864 - - - 321

- 116 221-0 287 1413 . 1454 1.69

- 827 26¢2 12 155 0-50) - 9+35

- 424 56+7 15+8 0:518 11-53 4+89

- 148 174+0 19-5 0639 1422 210

- 114 2260 209 0-685 15425 174

- 52 4390 32-8 1-08 25+93 125

- 343 755+0 > 583 ° -° - > 146 °

a, Believed not be critical at any height
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SYPERIMENTAL RESULTS FCR SINGLE U%2% CCRES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Iable 5.15

Cylinders of Aqueous Solution with Beryllium Oxide/Graphite Reflector

Reference : 32

Fissile Material, U050, at 83-84 wt® enrichment. Solutions contain
approx. 4*9 ¢m/litre sulphuric acid.

Fissile Solution

Cylinder a

Zircalloy, 25 cm dia. x 30 cm, wall thickness 1 mm. A6mmx8mm
solution feed pipe was attached to the centre base of the cylinder and
the top was closed by a cover surmounted by two 2 mm dia, and one

10 mm dia. access tubes.

The cylinder including feed pipe, was wraoped in a layer of blotting
paper and then enclosed within a close-fitting aluminium jacket, A
gap of 1-2 mm then intervened between the aluminium jacket and the
reflector.

Reflector b A parallelepiped of beryllium oxide (average density 2:95 gm/cc )
giving a minimum thickness in any direction of 275 cm enclosed in
a layer of graphite (average density 165 gm/cc) 50 cm thick. The
portion of the reflector located in the upward projection of the
tank was a removeable plug resting on an aluminium plate 2 cm thick.

CORE DELAYED CRITICAL CORE PARAMETERS

g‘;:z%{& oncontration | Aiomie | Dismeter | Heiant | M1 | votume | u2im

Solution (gm U/litre) Ratio Diameter (gm)
- 36-588 - 25 23+875 - 11+ 500 4L20+76
- 37597 - 22-785 - 10.990 413+19
- 33-234 - 22+38 - 10.790 41243
- 32-17 - 21-83 - 10.530 L12°44
- 33-665 - 21-418 - 10.340 410,13
- 40,383 - 21013 - 10.150 409+85
- 4L1+6 - 20.44, - 9-880 411
- 43-062 - 19-71 - 9530 410,38
- 4366 - 194 - 9- 380 409-59
- 46414 - 13275 - 8-850 408 35

a The thickness of the cylinder cover and base is different from that of the walls.
An "effective uniform thickness” of 1+4-2-1 mm is evaluated by calculation

b This reflector is shown by calculation to be equivalent to a €0 cm thick beryllium

oxide reflector, increasing the critical mass by only one 1% relative to the infinite
beryllium oxide reflector



EXPERIMENTAL RESULTS FOR SINGLE U22? CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5,16

Cylinders of Aqueous Solution with Iron Reflector
(with Added Phosphorus)

Reference s 33

Fissile Solution 1 9335 wt% enriched UO3 dissolved in 43 Molar Orthophosphoric acid (H3PO4)
Cylinder t O+<1 cm thick stainless steel

Reflector Thickness : 9 cm

CORE DELAYED CRITICAL CORE PARAMETERS

Density 235 235 ;

of Solution H/U P/U Diameter | Height Height Volume Mass
Solution Concentration Atomic | Atomic (cm) (cm) (litres) (kgm)
(gm/cc) (gm U223 /1itre)| Ratio Ratio Diameter

1+326 120 198 - 315 1644 - 12-8 153

14316 108 220 - 172 - 13-4 1445

1+308 96 248 - 13+0 - 140 134

1293 80 300 - 195 - 152 122
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EXPERIMENTAL RESULTS FOR SINGLE U223 CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Cylinders of

Table 5.17

Aqueous Saolutions with Stainless Steel Reflector

Raference

Fissile Solution

: 10

UO2(NO3 )2 at 933 wt™ enrichment. Solutions
contained small amounts of excess nitric acid,
N/U?3% atomic ratio = 2-86

Cylinders : T% in. thick - Type 3S aluminium
Reflector : Type 347 Stainless steel, density 7-9 gm/cc. Radisl
reflector only.
CORE DELAYED CRITICAL CORE Pkéégfga ;
. REFLECTOR 239
g?gg::;c CoiZL:;:;:ion ::g;:z THICKNESS Di??ﬁfir H?ig?t ﬁeigh - TE:;:)
Solution (gm U/1itre) | Ratio ! Diameter ’ |
155 359 61+8 1+50 in. 8-0 478 235 .uéléé
2:00 in. 39-7 1-95 “-61
3-00 in. 33-2 1-63 3-86
3-50 in, 31-5 155 3-66
1+55 359 61-8 1-00 in. 10-0 29%-0 1-10 507
2:50 in. 21-2 0-835 3-85
116 105 240 )25 in, 473 1-86 251
0-50 1in. 335 | 1-56 2:09
1-00 in, 32-8 129 1-73
2:50 in, 26-8 1-06 1-42
1.1 73 352 050 in, 537 2- 3 2+15
0+/5 in, 486 1-91 1-78
150 in. 37-3 147 137
2-50 331 1+30 1-22
1-08 53 4@3 Deigy o 476 1-87 1-28
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EXPERIMENTAL RESULTS FOR SINGLE U?>> CORES MQDERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5,18
Cylinders of Aqueous Solutions with Stainless Steel[Water Reflector

Reference : 10

Fissile Solution : UQa(NO3)a at 93+3 wt® enrichment., Solutions contained small amounts
of excess nitric acid, N/U?3? atomic ratio = 2:86

Cylinders [ '35- in. thick-type 3S aluminium,

Reflector t Effectively infinite thickness water separated from the core radially
by an annulus of Type 347 stainless steel, density 7:9 gl/cc.

CORE STAINLESS | DELAYED CRITICAL CORE PARAMETERS
STEEL
— REFLECTOR
GPier” |t | Mame |Coeotes | oigmerer | wpion | #1900
Solution |(9® U/litre) | Ratio Tgb:e)(in?) n Diameter | (kgm)
1-55 359 61-8 2-00 8-0 2744 1435|318
3450 242 1419 2:82
1455 359 61-8 0-50 10-0 13+6 0:732 (339
1.00 130 0-709 | 327
2:50 1604 | 0646 |2:98
116 105 20 | o0-25 234 |09z [1e24
0+50 . ’ 23-6 0929 1425
100 22-8 0-899 {1-20
2-50 204 0-803 |1-08
111 73 352 0-50 3.3 1+23 1415
| 075 30-7 1.21 113
1-50 234 112 104
2:50 26+5 104 097
1-08 53 423 2:50 359 l 1-53 1+04
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EXPERIMENTAL RESULTS FOR SINGLE U233 CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Cylinders of Aqueous Solution with Miscellaneous Reflectors

Table

1 a

Reference

(See also Tables 5.19(b), (c), (d))

Fissile Solution

10

U02(NO3y)2 at 73-3 wt® enrichment

Solution contained small amounts of excess nitric

acid, N/U?3% atomic ratio = 2-86

Cylinder- t 3 in. thick Type 3S aluminium
Reflector t  Aqueous solution of natural UO2(NOj)a
CORE REFLECTOR DELAYED CRITICAL CORE PARAMETERS
Specific 235 233
Gravity Solution H/Y . Density Thickness | Diameter | Height Helght v
of Concentration [Atomic (gmu/cc) (in.) (in.) (em) Mass
Solution (gm U/11tre) Ratio . ' Diameter | (kgm)
1+55 359 618 0+426 0-88 10+0 239 1-18 5+40
175 25-3 0-996 460
2463 23-6 0-929 429
3+50 230 0+906 417
1416 105 240 0426 0-88 100 34-8 137 1-84
175 290 114 153
2:63 27+3 1.07 145
3450 264 104 140
117 73 352 0+426 0-88 10-0 4741 185 173
175 36+1 1442 133
3-50 320 1.26 117
0-217 0-83 Lho7 176 1.64
1475 357 141 13
3-50 32-5 1.28 1.m
1.08 53 433 0-217 0-88 1240 35-2 115 1.36
4450 27-8 0-978 1-15

12




EXPERIMENTAL RESULTS FOR SINGLE U233 CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Reference

Fissile Solution

Table 5.1

b)

Cylinders of Agueous Solution with Miscellaneous Reflectors

10

(See also Tables 5.1%(a), (c), (d))

UO2(NO3)2 at 933 wt?% enrichment.

of excess nitric acid, N/U?33 atomic ratio =

Solution contained small amounts
2-86

Cylinders 1 g in. thick Type 3S aluminium
Reflector t Aqueous solution of orthophosphoric acid (Hj PO4) containing
0+465 gm P/cc.
CORE REFLECTOR DELAYED CRITICAL CORE PARAMETERS
Specific 235 235
Gravity Solution H/U Thickness | Diameter | Height Helgh U
of Concentration | Atomic (in.) (in.) (cm) - Mass
Solution | (9™ u/litre) Ratio Diameter | (kgm)
155 359 61-8 175 10-0 25-8 1-02 4L+68
2:63 23+6 0929 - 4+ 28
3-50 22:6 0+-890 411
350 160 | 0:630° | 2912
1+16 105 2,0 0-88 100 346 136 1-83
175 272 115 155
3-50 é8'3 1-11 150

a, Values ‘obtained with core and reflector enclosed in water
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cylinders

SINGLE U° CORES MGDERATED BY HYDROGEN - HIGH ENRICHMENTS

lable 5.19(c)

of Aqueous Solution with Miscellaneous Refloctors

Reference:

Cylinders:

Refiector:

(See also Tahles 3.19(a), (b), (4))

10

.Fissile Solution: UO02(MO3)2 at 93:3 wt.® enrichment.

Solution contain small amounts of excess
nitric acid, {I/U%*?° atomic ratio = 2.86

fg in. thick I'ype 3S aluminium

Powdered bismuth sub-carbonate (Bi 0, G
containing 0-52 gm Bi/cc

~

\
3)

CORE DELAYED CRITICAL CORE PARAMETERS
N REFLECTC.R Heiatt _
seectiic Solutisn /U235 | THICKNESS | . . el 1433
Gravity - . . . Diameter Height “
of Concentration | Atomic (in.) (in.) (cm) Mass
Solution (gm U/litre) Ratio ameter (kgin)
195 359 61-8 3-50 10-0 21.8 0.858 3.96
1elo 1Co 240 175 10-0 536 2411 2084
3:50 488 1-92 258
117 73 352 0-88 12:0 3544 116 187
4+50 33.5 1.10 177
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Table 5.19(d)

Cylinders of Aqueous Solution with Miscellaneous Reflectors

(See also Tables 5.19(a), (b), (c))

Reference:

Fissile Solution:

Cylinders:

Reflector:

10.
UO2(NO3)2 at 933 wt.# enrichment.

Solution contained small amounts of excess nitric acid
N/U?3% atomic ratio = 2-86.

7 in. Thick Type 3S aluminium.

Aqueous slurry of bismuth sub-carbonate (Bi O, CO3)
containing 0+85 gm Bi/CC and 0:82 gm H,0/cc.

CORE DELAYED CRITICAL CORE PARAMETERS
‘s REFLECTOR .
Specific | g1 tion H/U235 | THICKNESS | . : Height | 235
Gravity . . . Diameter | Height

Concentration | Atomic (in.) - Mass
‘of (gm U/litre) | Ratio (in.) (cm) (kgm)

Solution 9 iameter
1-17 73 352 0-88 120 287 0-942 1:52
4-50 247 0-810 1-31
1-08 53 493 4450 12:0 30-1 0-988 117




FXPERIMENTAL RESULTS FOR SINGLE 11*2® CORES MODERATED 1Y HYUROGEN - HIGH ENRICIHMENTS

rable 5..0
Cylinders of UO, (NO1), Soluticn in Tributyl Phosphate Diluted with Kerosene

Reference: 1

Fissile Solution: Yranium enrichment Q2:7 wt¥.
All solutions have the formula U0z (N03)2:
2-50 (C4Hg0)3PO: x Tiizeoa

Cylinders: Stainless steel, O-16 cm thick walls, 09 cm thick
base
Reflector: Radial reflector only of effectively infinitely

thick water

CORE OELAYED CRITICAL CORE PARAMETERS
DIAMETER Heiaht |
Solution Solution L u? (cm) Hei ; y233
X . . eight Volume
Density Concgg;ratxon Atomic (em) | (litres) Mass
(gmy'cc) (gm U<?°/litre) Ratio : Bismeter | (kgm)
1.369 280-4 73.7 % | 305 212 0:715 | 15.91 4461
|
1.084 146+7 160-6 20-5 0673 l 14-96 2+195
0-969 Q2.6 <673 63 0-732 16:27 1507
0-928 730 3445 24415 0-792 1762 1.288
0-900 59-9 42547 27-1 0-889 1977 1-184
0-871 4544 569-6 33-8 1-109 24466 1-120
0-857 387 6735 42415 1-383 30-76 1.190
0-851 3615 721-0 &9 1-604 35-68 1.290
1370 296+2 676 7 | 127 %  [>ue9 € - ¢ - € >1.66 ©

a. These solutions contained no kerosene (x = 0)

b. A hollow stainless steel tube (1+6 cm 0.D.; 0-09 cm wall
thickness) introduced along the core axis

c. Believed not to be critical at any height



£XPERIMENTAL RESULTS FOR SINGLE U*””

CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS
Table 5.21

Cylinders of Uranium Metal Diluted with Polyethylene

Reference:s 34
Uranium Enrichment 932 wt%

These experiments were performed on a vertical approach machine.
The cores were assembled from alternate 0-125 in. thick uranium
discs, and polyethylene discs and the reflectors from 0-375 in.
thick discs, the retlector discs being machine to 0-<0005 in.
flatness. Core and reflector formed a 15-0 in. dia cylinder, the
core being reflected on the lower end only.

The reflectors contained 27 discs and were supported, together
with the lower part of the core containing 9 uranium discs, on

a low mass aluminium cylinder attached to the 1lift. The remainder
of the core was supported on a 0°019 in. thick stainless steel
diaphragm.

A series of reflectors consisting of a single material or of two
materials at ~ 25 vol% increments was investigated, (see Figure
5.2). Results indicated that any effect introduced by the non-
homogeneity of the reflectors was within the total uncertainty
of the critical mass measurements (& O-3kgm).

DELAYED CRITICAL CORE PARAMETERS
REFLECTOR AVERAGE
COMPOSITION Height
(Vol%) Height ”,,f,,,—rf" Ur::izm
Diameter (kgm)
H/U ATOMIC RATIO 2-59
Mild Steel - - 82-1
Stainless Steel - - 797
Nickel - - 764
25-9% Mild Steel _ _ .
74+1% Nickel 767
48-2% Mild Steel _ - .
51-8% Nickel 770
74+1% Mild Steel .
25-9% Nickel 78-2
25-9% Stainless Steel _ - 763
74+1% Nickel
48-2% Stainless Steel - - 761
51-8% Nickel
74+1% Stainless Steel - - .
25+9% Nickel 768
H/U ATOMIC RATIO = 4-88

Mild Steel - - 62-5
Stainless Steel - - 61:9
Nickel - - 59+4
25-9% Mild Steel _ - .
74-1% Nickel 59:6
48-2% Mild Steel
51-8% Nickel - 59-8
74+1% Mild Steel
25-9% Nickel - €0-6
25-9% Stainless Steel _ _ 59-5
74-1% Nickel
51-8% Stainless Steel - - 59-6
48-2% Nickel
74+1% Stainless Steel _ _ 6041
25-9% Nickel
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EXPERIMENTAL RESULTS FOR SINGLE U?>° CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5.22

Unreflected Parallelepipeds of Aqueous UO2F,; Solution

Uranium Enrichment: 932 wt%

Containers: Aluminium
DELAYED CRITICAL PARAMETERS
OO:TAS_NER giﬁi;’f SOLUTION WALE
CONCENTRATION | ATOMIC 233 | REFERENCE

THICKNESS | OF (gmu3>3/11tre) | RATIO | Thickness | width Thickness | vorume | Y

(in.) SOLUTION Height Mass

(in.) (in.) m (1itres) (kgm)

o, - 828-8 2141 15 cm - 38 32 5.

;L‘ - 34243 7244 14+3 cm - 36-9 12+6 5

18 - 87-8 293 6 48 |27-25 in - - - 2, 19

L - 77-9 331 P%) 0 [17:9 c® b 162 | 3.60°| 8 3

ae

Type 25 aluminium

Experimentally determined critical height increased by O+4 cm to correct for the effect
of the § in. thick container base

AWY)

&~




EXPERTMENTAL

RESULTS FOR SINGLE U?>> CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5.23
Parallelepipeds of Aqueous UO,F, Solution with Water Reflector

Reflectors Effectively infinite thickness on bottom and sides of-the core to the height noted in the Table
CONTAINER® CORE ngg{:;m DELAYED CRITICAL CORE PARAMETERS _—
TYPE Uranium Specific Solution Wy (see notes Thickness | Width| Height Ihickness Volume v REFERENCE
Enrichment | Gravity of | Concentration |[Atomic | prefacing (ind) (1na)| (1n)) fm— (1itres) Mass
wt.$ Solution | (gm y?>/1itre)|Ratio Iable) (kom
A 93-2 - 532 &de? 64-0 1-995 58 4720 - 89-5 47°6| 8, 16
A 590 45-38 860 45:7| 8, 16
A 469 51:5 64:0 { 51.28 972 45+6 |8, 16
A 655 51-99 98-6 4628, 16
A 93-2 - 532 &be7 567 2:00 58 43-08 - 81.9 43-6( 8, 16
A 545 4209 80-0 42:6| 8, 16
A 93-2 - 532 47 | 535 206 58 | 35.02 - 68:5 | 364 |8, 16
A 51-0 349 68-3 36:5| 8, 16 |
A 469 51-5 64-0 37-62 757 34:6|8, 16
A 535 3673 719 33-718, 16
A 93-2 - 532 447 457 2412 58 2818 - 56-8 3-2|8, 16
B 93-18 1-108 87-8 293 - 6-00 48 8-09 - - - 12 19

The Type A contalner was fabricated in 2' thick Lucite reinforced by stiffening
members, also of Lucite, attached to the outside. The nominal inside dimensions
were 58" x 71' x 2:25". The thickness was altered by inserting plastic sheets
adjacent to one inside surface. Blocks of plastic about 1" square and of
approximate length were placed within the slab on 12" centres in two directions
in an attempt to maintain constant thickness as the hydrostatic pressures varied
with the inner and outer liquid heights.

The Type B container was fabricated in }” thick aluminium.
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EXPERIM:NTAL RESULTS FOR SINGLE U??5 CORES MCDERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5,24 (a)

Parallelepipeds of Aqueous UO, F, with Miscellaneous Reflectors
(See also Tables 5.24 (b), (c).)

References: 2, 19

Fissile Solution: Uranium Enrichment, 93-18 wtk
Specific Gravity, -
Concentration, -
H/U?35 Atomic Ratio, 29

Containers: % in, thick aluminium

Reflector: Styrafoama in two larger faces of core plus water on the
bottom and sides of the core styrafoam assembly tc a
height equal to that of the Fissile Solution.

REFLECTOR DELAYED CRITICAL. CCRE PARAMETERS
THICKNESS
(in.)
. « u23s
Thickness Width Height Thickness Volume )

(in.) (in.) (in.) Tea (litres) pass

Styrafoam Water : : ’ (kgm)
3 Nil 6 48 22+09 - - -
6 12435 - - -
3 6 6 48 10-84 - - -
6 12-35 - - -

a, Styrafoam is a foamlike form of polystyrene (Atomic composition CH) in which small
gas bubbles are homogeneously distributed, The bubbles are apparently closed since

‘'styrafoan does not absorb water,



EXPERIMENTAL RESULTS FOR SINGLE U?2° CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Iable 5.24(b)

Parallelepipeds of Agueous UO2F; with ﬁiscellaneous Reflectors

(See also Tables 5.24(a), (c))

Reference:

Fissile Solution:

20

Uranium Enrichment, ~90 wt%
Specific gravity
Concentration, 76+28 gm U223/litre
H/UZB’ atomic ratio, 337

Containers: 3 in. thick aluminium
REFLECTOR DELAYED CRITICAL CORE PARAMETERS

U235
Thickness | Density | Thickness | Width | Height | _Thickness Volume Mass
(in.) (gny cc) (in.) (in.) (cm) /Area (litres) (kgm)

PLEXIGLAS REFLECTOR
1.0 - 6 475 30-84 - 5664 4432

MAGNESIA REFLECTOR

2:0 032 584 475 5639 - 103-6 7-90
4+0 0-24 5497 - 1010 7-70
6-0 2 48484 - 860 656
60 b 5.84 47°6 | 49-73 - 9144 697

a. Density of 2 in. thickness of magnesia adjacent to core
0-32 gnm/cc, remainder 0-24 gm/cc

b. Density of 4 in. thickness of magnesia adjacent to core
024 gny/cc, remainder 0-32 gm/cc
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EXPERIMENTAL RESULTS FOR SINGLE U®?? CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5.24(c)

Parallelepipeds of Aqueous UO.F, with Miscellaneous Reflectors

(See also Tables 5.24(a), (b))

Reference:

Fissile Solution: Uranium Enrichment ~90 wt%
Specific gravity, )
Concentration, 7628 gm U%2°/litre
H/U?3% atomic ratio, 337

Containers: é in. thick aluminium

Reflector: 48 in. x 48 in. steel plate placed
at various distances from the core

DELAYED CRITICAL CORE PARAMETERS

REFLECTOR 735
SP?SIN? Thickness Width Height Thickness Volume 3 ce
e (in.) (in.) (cm) /Area (litres) d
(kgm)
0] 5-84 475 55.25 - 1015 774
3-0 63-22 - 11641 886
6-0 70-49 - 129.5 9-88
120 81.28 - 14941 11.38
24+0 92-3 - 169-6 1293
36-0 97-13 - 1784 13-61




EXPERIMENTAL RESULTS FOR SINGLE U?3? CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Tab o2
Unreflected Parallelepipeds of Uranium Metal Diluted with Lucite
References 35

Uranium Enrichment:

9316 wt¥

These systems were assembled in an aluminium mattix and, hence, contain 0-165 gm/cc aluminium (average).
The matrix also extended outside the core, providing some incidental reflection.

Core elements were built up from alternate layers of Uranium and Lucites

the thicknesses of the repeated
layers are shown in the table as well as the average composition of the core.

LAYER THICKNESSES | AVERAGE 235 235 DELAYED CRITICAL CORE PARAMETERS 235
URANIUM U ¢/u v
ATOMIC ATOMIC MASS
DENSITY RATIO RATIO (kgm
Uranium Lucite (g cc) Area Thickness Thickness 9
(in.) (in.) (in.) (in.) Tea
0-012 % 212 5.9 374 235 x 12 1087 - 1065
0-012 & 2:31 599 37 - 926 - 98-8
0-006 = 1317 12-12 7-57 15 x 114 12 - Lbe2
0-002 = 0+491 354 2241 15 x 12 11+46 - 16+61
04004 3 0-476 35+6 22-3 - 12 - 16-83
0-008 b 0477 3544 22.1 - 12 - 16-89
0-012 3 04489 353 22.2 - 11465 - 16+78
0-016 3 0484 35-2 22.0 - 12.06 - 17-22
0-022 i 0+494 3541 22-0 - 12 - 17+48
0-030 g 0-495 3541 22.0 - 1247 - 1822




EAPERIMENTAL RESULTS FOR SINGLE U#?> CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Iable

.26

Parallelepipeds of Uranium Metal Diluted with Lucite with Full Lucite Reflector

References

35

Uranium Enrichments 93-16 wt%

Reflector Thicknesses:

Ends, 8-

25 in.?

Top and bottom, 6 in.

Sides, see table

The systems were assembled in an aluminium matrix and, hence, core and

reflector both contain 0-165 gm/cc aluminium (average).

Core elements were built up from alternate layers of Uranium and Lucite;
the thicknesses of the repeated layers are shown in the table as well as

the average composition.

(See Notes Prefacing Table)

REFLECTOR

DELAYED CRITICAL CORE PARAMETERS

Layer Thicknesses | Average RV | cpud? Side Average Length u»
Uranium Atomi . Atomi Reflector Lucite Length Height | Width M
Lucite Uranium Density Razioc RaZioc Thickness l Density (1n.) (tn-) | (in.) Area (:“)
(gm/cc) (in.) ' (gm/cc) : -

(in.) (in.)

1/16 | 0-006 1311 | 122 | 746 9 1007 152 6° | 8-23°| 15.90® | -P

1/16 0-006 1-213 13-3 83 [ 1-048 8-0 1432 -

1/16 0-006 1-109 12-1 76 6 1-037 9 75 18+41 -

1/16 0-006 0+950 120 | 7-5 6 1-036 10-5 22-06

7/16 -030 1-021 166 {10-4 7-05 1-030 15 6 7-89 11-89

9/16 <030 0-818 21.2 [13-2 6-83 1-031 15 6 8:34 10+06

11/16 030 0+685 26:0 |16-2 6-98 1-030 15 6 8:04 8+12

13/16 -030 0-582 | 306 [19:1 626 1031 | 15 6 9-48 | 813

15/16 -0%0 0+509 | 353 !zzoo 6-09 1031 1 6 |10:26 | 77

1/16 -002 0-363 35:6. [22-3 6 1-036 15 9 10+5 843

1/16 -002 0-452 35:3 220 6 1-044 15 6 10+5 7-00

1716 -002 0-517 34+3 |21+5 1-040 ; 8-0 6-10

1/8 <004 0-518 34-3 {21-5 1-040 8-03 614

1/4 -008 0-518 39:3 |21+4 1.048 ; 8-10 6-19

i

3/8 <012 0-518 34-3 {21-5 6+12 1048 ! 8-13 6-21

1/2 016 0+521 343 215 6406 1.050 l 8-39 6°45

3/4 -024 0-532 | 335 |09 606 1-035 9-11 741

9/16 -008 0-229 794 |49:6 911 1-000 15 6 10-79 3-65

11/16 008 0186 97-8  [61-1 8-33 1000 l 15 6 12-35 3-38
| 15/16 .008 0-138 | 133-3 [83-2 6-04 1-001 { :5 6 17-09 347

a. Reflector thickness on ends averaged to allow for 4

in. irregularity

b. Top reflector thickness 6 in., bottom reflector thickness 9 in.

1
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EXPERIMENTAL RESULTS FOR SINGLE U2>® CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5.27

Parallelepipeds of Uranium Metal Diluted with Lucite, with Partial Lucite Reflector

Reference: 35
Uranium Enrichment: 93-16 wt.%A

Reflector: 6 in. thick reflector on top and bottom of core only.

These systems were assembled in an aluminium matrix and, hence both core and reflector contain
0+165 gm/cc aluminium.

Core elements were built up from alternate 0¢002 in. thick uranium and 1/16 in. thick Lucite

layers. The table shows the average composition of the core.
AVERAGE
CORE LUCITE DELAYED CRITICAL CORE PARAMETERS

Average 235 235 DENSITY 235
Uranium t:{” ; %U' . IN Length | Height Width Length :
Density R"‘:'.'“c R ‘t’.‘“ REFLECTOR . (in.) (in.) (in.) J Area (:5’)
(am/cc) atio atio (am/cc) _ gm
0-488 353 221 0-977 152 6 14+53 - 10+45
0-422 36-0 22-5 1007 32 6 1306 - 1734
0-372 357 22-3 1-006 17-03 19-96
0-478 360 22-5 1-022 524 12 - 15-79
0491 35-9 22-4 1-022 5 12 - 1544
0+479 37-3 23-3 1041 3 23-03 - 1737
0+479 35+6 22-2 1-002 28+5 - 21+5
0+431 357 22+3 1041 3 54 - 36-6
0474 36-2 22+6 1040 2.7 48 - 32+4
0-473 36-1 22-6 1-037 2-69 52-8 - 352
0-498 36-2 22-6 1-041 2:50 589 - 385

a. Raflector overhangs fuel 3 in. on both sides
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EXPERIMENTAL RESULTS FOR SINGLE U2>> CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

nreflected Para

Jable 5.23

s of Uranium

Reference:

Uranium enrichment:

35

with Lucite and Graphite

93:16 wtd

These systems were assembled in an aluminium matrix and, hence, contain

0+165 gm/cc aluminium (average).
providing some incidental reflection.

The matrix also extended outside the core,

Core elements were built up from alternate layers of uranium, Lucite and

graphite, the thickness of the repeated layers are shown in the table as well

as the average composition of the core.

LAYER THICKNESSES DELAYED CRITICAL PARAMETERS

AVERAGE | H/U??? c/u?> "
Uranium Lucite Graphite URANLUM ATOMIC ATOMIC Area Thickness Ihickness y

(1n.) (1n.) (1n.) DENSITY RATIO RATIO (1in.) (in.) Mass
: : ' A Area (xgm)
0-012 1/16 0-120 0916 6-02 241 235 x 18-14 18 - 1152
0-012 1/16 0-280 0-518 6+04 487 2345 x 28-02 2% - 1342
0°+006 1/16 0-280 0-258 12441 98-2 32 x 2470 2470 - 82+4
0-006 1/16 0-280 0-258 12441 98-7 23+5 x 285 28-79 - 814
0-002 1/16 0-120 0-337 35-2 518 15 x 15 15:69 - 19:51
0+002 1/16 0+120 0337 35-2 48-2 15 x 15 16-69 - 2047
0-002 1/16 0280 0-224 35+0 1015 15 x 21 21 - %42
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Parallelepiped

f Ur

Metal D

Table 5,29

ted with Lucite & Gr. (]

Reference:

35

Uranium Enrichment: 9316 wt$

with Full Lucjte R

These systems were assembled in an aluminium matrix and, hence, core and reflector both contain
0+165 gm/cc aluminium (average).

Core elements were built up from alternate layers of uranium, lucite and graphite;
nesses of the repeated layers are shown in the table as well as the average composition of the

core,

the thick-

CORE REFLECTOR DELAYED CRITICAL CORE PARAMETERS
Layer Thicknesses s 3> Thickness 3‘.';::2; l(';:i/z:) s
Aversge | H Cc 1)
Uranium { Atomic | Atomic h:';;h ?:;9?‘ :i:‘;‘ | Mass
Uranium | Lucite| Graphite |[Density [Ratio | Ratio |, a ;":t"“’ stdesf o | sides (kgm)
(1n.) | (1n.) | (1n) (1n.) [ PFLRO) | (anf =098
0-.006 | 1716 | 0-280 0-255 | 1246 | 100+3 ~6 150 {1.50 |1-021 | 0:938 235 |24 2% 43°2
0-006 146 | 0-280 0-223 |12:48 | 10046 ~6 4 4 1.021 | 0:969 21 21 37-8
0-006 1/16 | 0-280 0:252 [12412 [101-2 ~6 378 3475 |1-042 | 0984 18 18 31-5
0-006 | 1716 | 0-280 0244 [12:12 1012 ~6 750 [ 750 |1-042 | 1:021 18 18 30+5
0-006 1/16 | 0-280 0:252 [12:05 | 1015 ~6 | 638 |6+32 |1-042 | 0982 17:25 174 290
b
0-006 1/16 | 0-004 av, 934 |12:05 8-89 | 8-25 6 6 1:03 | 1-036 15 9 10°5 27

a, Low-density 1°5 in, extension of 6 in, thick reflector; 8-25 in. end reflector thickness is averaged over } in,

irregularity

b, Average of non-uniformly - distributed 0:120 in, thick graphite
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71

Parallelepipeds of Uranium Metal Diluted with Lucite and Graphite,
with Partial Lucite Reflector

Reference:

Uranium Enrichment:

Reflector:

Iable 5.30

EXPERIMENTAL RESULTS FOR SINGLE U%3% CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

35
93.16 wt®

6 in. thick reflector on top and bottom of core only

reflector contain 0-165 gm/cc aluminium.

These systems were assembled in an aluminium matrix and, hence, both core and

Core elements were built up from alternate 0-006 in. thick uranium, s in. thick

Lucite and 0-280 in. thick graphite layers.

The Table shows the average composition of the core.

CORE AVERAGE DELAYED CRITICAL CORE PARAMETERS
LUCITE
Average 235 235 DENSITY 235
Uranium WU . /U . IN Length | Height Width | Length U
Atomic | Atomic Mass
Density | oot | Ratio REFLECTOR | (in.) (in.) (in.) | /RTes (kgm)
(gn/ cc) (gn/cc)
0239 13.0 | 106-2 1.001 32 13+5 29-8 5044
0-239 13-2 | 105+4 1.032 12 3544 53-3
0-239 13-2 | 106-9 1.029 9 110 1240
0-254 12+4 99-1 1.042 64 9 39-1 93.8
0+254 1245 992 1033 8 52-6 1159




EXPERIMENTAL RESULTS FOR SINGLE U??> CORES MODERATED BY HYDROGEN-HIGH
ENRICHMENTS

Table 5.31

Cylindrical Annuli of Aqueous UO2F. Solution with Void,
Unpoisoned Central Cavity

Reference: 5

Fissile Solution: Specific Gravity, 1-411
Concentration, 331-4 gm U?33/litre
H/U?3° Atomic Ratio, 74+6

Containers: Type 3S Aluminium; t% in. thick walls;
% in. thick base.
DELAYED CRITICAL CORE PARAMETERS
Diameter Thickness y23s
of Height Volume Mass
Outside Inside Annulus (cm) (litres) (kgm)
(in.) (ind) (in.) 9
No Reflector
10 2 4 496 22 8-.01
15 65 176 197 652
6 45 29-9 287 9.5

Effectively Infinite Water Reflector on Bottom and Side of the core
to a height equal to that of the Fissile Solution

10 2 4 207 10-2 3+37
A 3 27+6 11.8 3-90
6 2 76-8 25.0 8-30
15 2 65 133 15.0 495
6 4e5 175 16-8 5+50
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EXPERIMENTAL RESULTS FOR SINGLE U?2® CCRES MODERATED BY HYDROGEN - HIGH
ENRICHMENTS

Table 5.32

Cylindrical Annuli of Aqueous UOpF, Solution with Void
Central Cavity lined with Cadmium

Reference: 5

Fissile Solution: Specific Gravity, 1-411
Concentration, 3314 gm U?33/1itre
H/U%2% Atomic Ratio, 746

Container: Type 3S Aluminium; 7% in. thick wallsy
7 in. thick base
Cadmium lines 0-02 in. thick

DELAYED CRITICAL CORE PARAMETERS

Diameter Thickness y232s
of Height Volume Mass
Outside Inside Annulus (cm) (litres) (: )
(in.) (in.) (in.) am
No Reflector
10 2 4 700 341 113
15 6 45 33-2 31.9 106
2 6+5 18-0 202 6+69

Effectively Infinite Water Reflector on Bottom and Sides of the cord
to a height equal to that of the Fissile Solution

10 2 4 2044 10-0 3+30
4 3 31-9 13+6 4+52
6 2 >120 2 -2 -3

a. Extrapolation of reciprocal multiplication curve is said to
indicate that this assembly will not be critical at any height
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EXPERIMENTAL RESULTS FOR SINGLE U?3 CORES MODERATED BY HYDROGEN - HIGH ENRICHMENTS

Table 5.33

Cylindrical Annuli of Aqueous UO,F, Solution with Water Filled, Unpoisoned Central Cavity

Reference : 5

Container : Type 25 aluminium;

5 in. thick walls,

in. thick base.
CORE DELAYED CRITICAL CORE PARAMETERS
Specific 235 Diameter 5
Gravity Solution H/U ' Thickness Height | Volume y23
of Concgla\;:rati.on Atomic Outside | Inside of (cm) (litres) Mass
Solution (om U?2?/1itre) | Ratio (in.) (in.) A??er\his (kgm)
No Reflector
1-411 331+4 746 10 4 3 >142+5 - -
1411 3314 7446 15 2 645 17-0 1941 6-33
1411 331+4 746 15 6 45 25-2 242 8-01
Effectively Infinite Water Reflector on Bottom and Sides of
the Core to a Height Equal to that of the Fissile Solution
1+425 3423 T2+4 8 2 3 27-10 83 2:83
1-425 3423 T2+4 8 A 2 50+0 12+2 418
1416 337 73-4 10 2 4 17-8 8.7 2:92
1+411 3314 746 10 A 3 23-8 10-1 3-36
1.411 33144 7446 10 6 2 641 209 6-93
1411 3314 -6 15 2 65 12-9 144 L
1-425 342-3 724 15 4 55 139 149 511
1411 033144 %6 15 6 4+5 160 153 5-.08
1+425 342-3 724 15 8 35 21-0 17-1 5-87
1425 3423 724 15 10 2+5 41+6 26+3 9-01
1+425 342-3 72+4 20 2 9.5 11+4 22-8 779
1-425 342+3 724 20 6 7 126 23-3 7-96
1425 3423 724 20 10 5 16+4 249 8-57
1425 342-3 7244 20 15 25 443 39-3 134
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Table 5,34

Cylindrical Annulus of Aqueous UO; F; Solution with Water Filled Central Cavity Lined with Cadmiym
Contsiner: Type 25 aluminium; yy in, thick walls, ', In. thick base.

Cadmium liner O-OR in, thick,

CORE OFILAYED CRITICAL CORE PARAMETERS
o | ggmim A T T et | ot | 7| RO
Solution | (9% U7 /11tre) | Ratio a(;:;u)h (I?:h)’. ”(‘?:l;“ tem (itres) | (egm)
No Reflector
1:599 48143 50+4 10 2? 4 10145 49-4 2347 21
14411 IN % 7446 4 138-2 67+4 2243 s
1.411 SR 746 4 ) »20 ° -° .b s
1-599 4813 50+4 12 22 5 27-8 19.7 9.5 2
11051 836 | 2 612 32-8 2:7% 3]
1:599 18143 50+4 4° 4 >q1 B -® . 2
1:599 48143 50+4 15 2° 6+5 19.2 2145 10-4 21
1411 N4 746 18:2 20.4 676 5
141051 836 309 : 25+8 28-9 2:42 21
1599 48143 50-4 ® 5:5 2449 264 1247 21
141051 836 9 42+9 454 3-8 2
1599 48143 50+4 6® 45 50+5 4844 2343 2
10411 S5 1R 746 54+3 52+1 17-3 s
141051 8346 309 . > ° .® -® 2
1:599 48143 €0-4 8® 35 >91 P -b -® 21
1599 4813 50+4 20 6* 7 19:2 354 17-0 21
141081 836 309 * 255 47-0 393 ]
1:599 48143 50+4 8* 6 234 3943 189 21
141081 836 309 e 35+0 5946 498 2
1:599 48143 50+4 10? 5 36+3 552 2646 2
141081 836 309 a >a b .® .b 21
1:599 48143 5044 122 4 >91 ° .® -® 20
1-599 481+) 504 30 152 75 18-8 64°3 3.0 21
11051 836 309 2 24-2 82-8 692 21
1:599 4813 50+4 20* 5 8.8 983 4743 21
ly Infinite Water Rottom and Sides of Core to 3 Height kqual to that of F
1:599 4813 504 10 2 4 20-2 9:6 47 21
1411 4 7446 20+5 10-0 3en s
11051 836 I09 2 391 19:0 159 2
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Table 5-34 (Cont'd)

CORE DELAYED CRITICAL CORE PARAMETERS
ggzsiiic Solution /U2 Diameter Thic:ness . '..;:;:-JREFERENCE
of Concentration Atomic of - Height Volume Mass

sotpuon | (07 U/itten)| matle”| Optie [ifmius | e | (o)) heeen) [l

1:599 4813 504 43 3 40+9 1744 8-4 21
14411 19144 746 45+4 19:4 | 643 5
1411 33144 746 6 2 >10 ° -elbooB
1599 481+3 504 12 2? 5 1640 1.3 5.4 21
11051 83+6 309 2 24+0 17-0 1442 21
1599 48143 504 42 4 21-8 142 68 21
1+1051 83+6 09 2 46-6 20-2 2+53 21
14599 48143 504 6? 3 4847 2646 12-8 21
1:1051 83-6 309 15 6 6°5 18+3 205 1.7 21
1:599 4813 504 A 545 154 16+3 79 21
11051 83:6 309 a 27 240 2-01 21
1:599 481-3 50+4 6? 45 19-5 18:7 9:0 21
1:1051 83+6 309 a 346 331 2:1 21
1+599 48143 504 a? 3+5 311 12:2 254 21
11051 83-6 9 a >91 P -® R
14599 481+3 5044 102 25 >91 P -b A
14599 481+3 5044 20 6? 7 13+3 255 1.8 2
1:1051 83-6 309 2 18-5 341 285 | 20
1:599 48143 504 g? 6 15+0 26+5 1243 21
141051 83+6 209 3 2144 36+4 304 | 21
1599 4813 5044 102 5 1844 28-0 13:5 21
1+1051 83+6 309 2 204 46-2 3.86 | 21
1:599 48143 5044 12° 4 260 337 16:2 21
1+1051 83+6 309 3 88-3 1145 9-57 21
1:599 481-3 50+4 142 3 93-3 964|464 21
1:599 4813 504 2 152 75 1344 458 22¢0 21
11051 836 309 2 181 61-9 5:17 21
1:599 481+3 50+4 20° 5 19:0 482 |23-2 21
11051 836 309 a 3146 801 6-7 21
14599 48143 504 22 3 >5774 - - 21

a. Height of water in central cavity 48 in.

b, Cxtrapolation of reciprocal multiplication curve is sald to indicate that this assembly will not be

critical at any height

149




EXPERIMENTAL RESULTS FOR SINGLE U23> CORES MODERATED BY HYDROGEN-LOW AND INTERMEDIATE ENRICHMENTS

Table 535
446 wt® Eoriched UO,F, Aqueous Solutions
References 22

In these experiments the fissile solution was contained in a 12 in. diameter
stainless steel cylinder, wall thickness % in. The bottom of the cylinder was
dished upwards } in. and a stainless steel tube 16 cm 0.D., wall thickness
0°09 cm was positioned along the axis of the cylinder as a housing for a 28 in.
long, } in. diameter, brass-walled natural BFj counter. Three similar counters,
one containing enriched BFj, were positioned symmetrically just outside the
cylinder at a radius of 7} in.

The radial surface only of the core was reflected by water 9 in. thick. In some
instances a 13 in. diameter, stalnlesss steel clad cadmium cut off cylinder was
positioned coaxially round the core, in the water.

Fissile solution was drained from the core by a stainless steel tube dipping
down to the bottom of the circumferential dishing.

CORE DELAYED -CRITICAL CORE PARAMETERS
f
gg::ttic Uranium H/u223 Height 4 235
Y Concentration Diameter | Height
of Atomic Mass
Solution Of Solution Ratio (in.) (cm) (kgm)
(gm/cc) (gm/gm) Diameter
Without Cadmium Cut-off Cylinder
1247 0-1752 258 12 23-15 0-760 1647
1-130 0+1029 493 33-75 1-11 1264
1.096 0-07764 678 5515 181 1513
With Cadmium Cut-off Cylinder
14247 01752 258 12 2475 0-812 1759
1+130 0+1029 493 4300 1+41 1.612
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EXPERIMENTAL RESULTS FOR U2?® CORES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE
ENRICHMENTS

Table 536

Spheres of 30°45 wt % Enriched UO,F, Aqueous Solution

Reference : 12

Spheres : % in. thic¢k aluminium

CORE DELAYED CRITICAL CORE PARAMETERS
Specific : /7235 235
Gravity Solution H/u" Diameter Volume M
Concentration Atomic . N Mass
of (gm U?33/1itre) Ratio (in.) (litres) (kgm)
Solution g

No Reflector

- 287 - 1375 - 6-403
- 113 - - 2:517
- 47-8 - 16 34495 1.67
- 24,49 - 22 91-8 2-28

Effectively Infinite Water Reflector:

- 7146 - 12 1485 1:063
- b - 13-75 - 0+991
- 329 - 16 3495 1.15

- 21-6 - [ 22 91-8 1.98
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(PERIMENTAL RESULTS FOR SINGLE U?2> CORES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE ENRICHMENTS

Tab .
Cylinders of 3Q-3 wt® Enriched UQaF2 Agueous Solution

Reference: 23

Cylinderss Stainless steel; 0+064 in. wall thickness, heavy base; fissile solution drain
line attached at the base (see Figure 5.3). Subsidiary experiments show that
solutions held in the drain line affects the measured critical height by «O«1 cm.

Reflector:s Radial reflector only, >7 in. thick. In some instances a 13 in. diameter stain-
less steel clad cadmium cut off cylinder was positioned coaxially round the core
in the water. The cadmium of the cut off cylinder was 0:09 cm thick and the
stainless steel cladding 0+16 cm thick.

CORE DELAYED CRITICAL CORE PARAMETERS
gﬁiﬁfﬁc Solution H/u>? Diameter Height Helals Volume y?
o | (Someamgmtion | jeme | TR | ) i) | Yoo
Solution iameter
Without Cadmium Cut-off Cylinder

- 272 8244 8 51.9 255 169 460
- 242 942 50+5 2448 16+4 4+00
- 220 105+6 50+15 247 16+3 359
- 203 1148 50.22 247 163 331
- 170 140-8 5203 256 16-9 2:87
- 151 160+5 54482 270 17.8 2:69
- 125 195 63+03 3-10 20-5 256
- 272 81.9 12 22-6 074 1605 448
- 270 8244 22.55 074 16+42 4eodd
- 218 106 2212 0725 16-15 3-52
- 176 135 22-15 04725 1617 2:84
- 145 167 22.5 0:74 16442 2.38
- 96-9 257 24+45 0-80 17-85 173
- 66-9 378 28-62 0-94 20-89 140
- 57.6 440 3165 1:04 23-10 133
- 48-0 532 37+42 1.23 27 1.3
- ; 411 622 47-0 1+54 3431 1.41
- 39-3 651 5127 1.68 37.42 147
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S Con

CORE DELAYED CRITICAL CORE PARAMETERS

(S}::ti{lc Solution H/U33? Height TLEE]
of Y Concgr)\;rat.ion Atomic Diameter Height Volume Mass
Solution (gm U??%/11tres) Ratio (in.) - (cm) & ater (1itres) (km)
- 288 767 16 18-10 0+45 23:4 67

- 21 110-4 17-70 044 2249 4483

- 141 173 1795 044 232 3.27

- 930 269 19425 047 249 2:32

- 57-9 439 2260 0:56 293 170

- 39-0 657 2954 073 38-2 1+49

- 315 815 37+42 0-92 48+4 1.52

- 27.3 942 48470 1.20 63.0 172

With Cadmium Cut-off Cvlindex
- 176 135 12 242 0795 17-68 3e27
- 070 378 32-2 1.06 23448 1.52
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EXPERIMENTAL RESULTS FOR U?23 CORES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE ENRICHMENTS

Table 5-38

Rectilinear Parallelepi +37 wt® Enriched UOZF,
Includes Cadmium Shielded Systems

Reference: 13
Fissile Solution: Concentration, 3809 gm uranium/litre;
Density, 1°:4355 gm/cc;
HAJ333 Atomic Ratio, 212°4.
Container: Material, stainless steel;
Wall thickness, 0:19 in, (larger surfaces), é in, (sides and base);

Dimensions, Height 6 ft., (external)
width 4 ft, (extemal)
Thickness 3:4 + 0-02 in, (internal) by both direct messusement
and volume calibration; one of the larger surfaces bulged -
slightly outwards at the centre, The carners of the container
were rounded on a radius of 2 in, and the bottom sloped dowmn-
wards at an angle of about 1~ to the harizontal to one comner
at which fissile solution entered by a 1} in, dia, stub-pipe.
A '5 {n.0D, 7 in, ID sparge pipe dipped down to the base of the
container 8 in, off centre and a sight glass and scale were
fitted at one edge.

These experiments were performed with the container bolted to a support framework
attached to a steel table., The distance between the centre of the extemal base of the.
container and the table top was 11:7 in, One of the two larger surfaces of the core was
reflected by a ‘back reflector’, consisting of either graphite (density 1:65 gm/cc), polyethy-
lene® or concrete® and the front surface by the materials specified in the table. The edges
of the core were unreflected,

FRONT REFLECTOR DELAYED CRITICAL CORE PARAMETERS
Thickness Densit Height Thickness
Material (in.) (gn/ch (in.) - Mass

8 in, Graphite Back Reflector

(See notes prefacing Table)

Unreflected - - Subcritical - -
Mild Steel® 108 779 18+3 - -
Polyethylene 835 0-93 3137 - -
Polyethylene /Cadniun’ 10 093 Subcritical - -
Concrete® 1656 23 207 - -
Concreto/Cndmiunb’d 166 23 31406 - -
High density, v ray 8-82 36 2243 - -
shield barytes concrete

Jabroc (a wood product) 8-74 1-32 2457 - -
Beechwood 1067 0735 2717 - -
16 in, Graphite Back Reflector

(See notes prefacing Table)

Concrete® 16+56 2-3 18+3 - -
Concrete /Cadmium*? 1646 243 24469 - -

See notes prefacing Fable

b

Concrete 16456, 23 Subcritical - -
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Table 5,38 (contd.)

FRONT REFLECTOR

DELAYED CRITICAL CORE PARAMETERS

Thickness Densit Height Thickness

Mate<ial (in.) (gn/cc) |  (ins) e Mass
% in, Concrete Back Reflector
See notes prefacing Table
Com:x'ot.ob 202 2+3 37-8 - -
18 in, Concrete Back Reflector
(See notes prefacing Table)
Concrotcb 202 23 37-2 - -

a, Density 093 gm/cc

b. AERE, UKAEA Specification No, 338, Issue 4,

made fram clean granite aggregate,
density 2-3 gm/cc

c. BS 15 No, 1 Quality, density 7-87 gm/cc

d, 0°031 in, thick cadmium sheet between core
and reflector
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In the original document, Tables 5.39 and 5.40 each appeared on a
single foldout page numbered 156 (Table 5.39) and 157 (Table 5.40).
These two tables are reproduced on the next 5 pages, Table 5.39 on the
first 3 and Table 5.40 on the last 2. The column headings appear on
each page, where appropriate, for convenience.



EXPERIMENTAL RESULTS FOR U?2> CORES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE ENRICHMENTS

Table 5.39

30-14 wt® Enriched UQ, Paraffin Wax Mixtures with Single Material Reflectors

In these experiments the cores were rectilinear parallelepipeds assembled from tablets of the fissile
The lower density cores were obtained by
Subsidiary experiments showed
that the effects of neutron streaming through the holes on the critical mass of the reflected cores

mixture 1 in. square and either 1 in,

was negligible.

(Includes cadmium shielded systems)

. 1 in. or § in. thick.
pressing the 1 in. cubes with seven cylindrical holes in one direction.

FISSILE MIXTURE?

DELAYED CRITICAL CORE PARAMETERS

Average 235 ‘hi
Average u2? }Kgmic Area Thickness Thickness Mass
Density Density Ratio (cm) (cm) ’Area
(gm/cc)
No Reflector
- 14126 16-3 | 30-48 x 30-48 28-60 - -
- 0-608 395 2794 x 27:94 23.88 - -
- 0-331 81-6 25:40 x 2540 23:82 - -

8 in., Thick Polyethylene Reflector, (density 0:919

m/cc

- 0-754 x 1:569 8.2 30-48 x 30-48 35:36 - -
33-02 x 33-02 29-87 - -
- 1126 16-3 22-86 x 22-86 19-68 - -
- 0+748 x 1-126 27-94 x 2794 28-60 - -
- 0-608 39:5 1524 x 15-24 40+66 - -
2032 x 20-32 17+58 - -
2794 x 27-94 1152 - -
- 0-331 816 1524 x 15°24 31-60 - -
| 17-78 x 17-78 20-07 - -
20-32 x 20-32 1552 - -
25440 x 25+40 11:61 - -
- 0746 x 0+331 22-86 x 22-86 2631 - -
- 0243 82-0 17-78 x 17-78 41+10 - -
22:86 x 22-86 20-33 - -

27°% x 27-% 15-00




Table 5.39

FISSILE MIXTURE®

DELAYED CRITICAL CORE PARAMETERS

Average 233
Average y2? :<gmic Area Thickness Thickness Mass
Density Density Ratio (cm) (cm) ‘r:\:
(gn/cc)

I

8 in. Thick Perspex Reflector, {density 1:193 gm/cc)

- 1-569 8-2 22-86 x 22-86 26:59 - -
25:40 x 2540 21-92 - -
- 0:754 x 1-569 3048 x 30-48 30-05 - -
3556 x 35-56 23-10 - -
- 1126 16-3 20-32 x 2032 22-78 - -
- 0-748 x 1-126 27-94 x 27-9 2494 - -
- 0-608 395 20-32 x 20-32 16-36 - -
- 0-331 81-6 | 17:78 x 17-78 18-47 - -
8 in. Thick Concrete Reflector, (density 2-37 g_u_n[cc)b
- 0-331 81-6 232 x 20-32 16-89 - -
20-32 x 20-32° 22-86° -¢ -¢
8 in. Thick Beechwood Reflectorx, (W
- 0-331 81-6 0-32 x 2032 19-0 - -
20-32 x 20-32° 30-73¢ -¢ -




Table 5.39

The composition of the fuel mlxxure corresponding to the various H/U?>? atomic ratios ie given in the following: Table,
(in 10%2% nuclei/c:)s

H/UZ”

Element
8:2 16-3 39-5 81-6 82-0*

Hydrogen | 329 472 6-14 6-92 5.
Carbon 163 2:34 3:05 3:43 5+30
Oxygen 272 1-96 1-05 0574 0-

*Contains added pile quality graphite

The composition oi the concrete and beechwood reflector is given in the following Table (in 1022 nuclei/cc)s

Element Concrete Beechwood
Hydrogen 1-23 2:65
Carbon 0-034 1:60
Nitrogen - 0:0022
Oxygen 465 1-23
Silicon 1-650 -
Potassium 0+004 0-0013
Calcium 0-423 0-0008
Iron 0-018 -

0+04 cm thick cadmium between core and reflector.



EXPERIMENTAL RESULTS FOR 0222 QURES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE ENRICHMENTS

1.ble 5.40

3014 wt® Enriched UO; Paraffin wax Mixtures with Composite Reflectors

(Includes caduium shielded systems)
Retcrencer 30

In these experiments the cores were rectilinear pirallelepipeds assembled from tablets of the fissile mixture
1 in. square and either 1 in., ¢ in., '; in. thick. The lower density cores were obtained by pressing the

1 in. cubes with seven cylindrical holes in one direction. Subsidiary experiments showed that the effects of
neutron streaming through the holes on the critical mass was negligible.

Only one of the two square faces of the core was reflected by the reflector specified in the Table, the
remaining faces being reflected by an 8 in, thickness of polyethylene, (density 0°919 gm/cc).

FISSILE MIXTURE? REFLECTOR (see notes prefacing Table) DELAYED CRITICAL CORE PARAMETERS
A Al‘;‘g?ge H/UZ” I'hick D it A Thick IThickness
verage . . 11 ckness ensity rea 1ckness -
Density Density ;tomxc Material (in.) (gm/cc) (in. (in.) J—— Mass
atio Area
(gm/cc) .
- 0+608 395 ~——————— Unreflected —————————31 8:0 x 80 8:41 - -
- 0-331 81-6 7-0 x 7-0 9-29 - -
- 0-746 x 0-331 81:6 9:0 x 9-0 12-29 - -
- 0:243 82-0 9:0 x 9:0 9-48 - -
- 1-126 16-3 Water 8-0 - 9:0 x 9-0 7-82 - -
- 0-608 395 8:0 x 8:0 6-98 - -
- 0-331 81-6 70 x 7+0 7-97 - -
- 0746 x 0-331 | 81-6 90 x 9-0 1046 - -
- 0-243 82:0 9:0 x 9:0 8-05 - -
- 0-608 395 Polyethylene 10 0919 8-0 x 8-0 759 - -
- 20 7-22 - -
- 40 6-97 - -
- 60 6-94 - -
- 8-0 6-92 - -
- 0-331 81-6 1-0 7-0 x 7-0 8-53 - -
- 2-0 8-18 - -
- 4-0 7-97 - -
- 60 7+93 - -
- 8-0 7.90 - -
- 0-608 39-5 Polyethylene/Cadmium 8.0 0-919 8:0 x 8:0 796 - -
- 0-331 81-6 70 x 7+0 874 - -
- 1-126 163 Perspex 8-0 1193 9:0 x 9+0 7-62 - -
- 0-608 39-5 8-0 x 8-0 6-82 - -
- 0-331 81-6 70 x 7-0 7-78 - -
- 0+746 x 0-331 81:6 90 x 9°0 1017 - -
- 0-243 82-0 9:0 x 90 7-86 - -
- 0-608 39-5 Paraffin Wax 8-0 0-86 8<0 x 80 7-02 - -
- 0-331 81-6 70 x 70 7-93 - -
- 0-608 39-5 Paraffin Wax/Cadmium 8-0 0-86 8:0 x 80 797 - -
- 03N 81-6 70 x 7°0 8-76 - -




1able 5.40

FISSILE MIXTURE? REFLECTOR (see notes prefacing Table) DELAYED CRITICAL CORE PARAMETERS
Average 235
Average u23’ lI{U i Material Thickness | Density Area Thickness Ihickness M
Density Density : omlc aterla (in.) (gm/cc) (in.) (in.) ‘I_——— ass
atio Area
(gm/cc)
- 0-331 81-6 Concrete (A)° 8:0 2237 | 7:0x70 8-03 - -
- 0-331 81-6 | concrete (A)°/Cadmium® 8:0 2:37 7.0 x 70 8-48 - -
- 0-608 395 Concrete (B)° 8:0 2237 | 80x80 7416 - -
- 0-331 81:6 7.0 x 70 8-06 - -
- 0-608 39-5 Concrete (B)b/CadmiumC 8-0 237 8+0 x 8-0 7:62 - -
- 0331 81-6 70 x 7°0 8-48 - -
- 0-331 81-6 Beechwood (A)° 8-0 069 |70x70 820 - -
- 0-331 81:6 Beechwood (A)b/Cadmiumc 8- 0-69 7:0 x 7+0 8-78 - -
- 0-608 395 Beechwood (B)® 8-0 0-68 | 8:0 x 8-0 731 - -
- 0-331 81-6 70 x 70 8-24 - -
- 0-608 39-5 Beechwood (B)b/Cadmiumc 8-0 0-68 8-0 x 8-0 7-90 - -
- 0-331 816 7-0 x 7-0 8-81 - -
- 0608 395 Jabroc? 8+0 140 | 8:0 x 8.0 680 - -
(A wood product) .
- 0331 81:6 8:0 x 8-0 776 - -

a. The composition of the

(in

b, The composition of the

C.

1022 nuclei/cc)s

II/UZ”
Element
16-3 | 39:5 | 81:6 82-0*
Hydrogen | 472 | 6-14 6-92 5+10
Carbon 2:34 | 3-05 3-43 5+30
Oxygen 1:96 | 1-05 0+574 0+472

*Contains added pile quality graphite

fuel mixture corresponding to the various H/U?2> atomic ratios is given in the following Table

concrete, beechwood and Jabrox reflectors is given in the following Table (in 10%? nuclei/cc)s
Element Concrete A | Concrete B | Beechwood A | Beechwood B | Jabroc

Hydrogen 123 1-36 2:65 3-00 49

Carbon 0:034 0+030 1-60 177 3:26

Nitrogen - - 0-0022 0-0021 0+0049

Oxygen 465 475 1-23 1:35 212

Silicon 1-650 1743 - - -

Potassium 0-004 0-008 0-0013 00020 0-139

Calcium 0-423 0+291 0-0008 00009 0-0019

0-015 in. thick cadnium between core and the reflector specified 1n the Table. (But not between the core and the 8 in.
thick polyethylene reflector on the remaining core surfaces).
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EXPERIMENTAL RESULTS FOR SINGLE U?2° CORES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE ENRICHMENTS

Table 5.41
14:67 wt & Enriched U02S04 Aqueous Solution
Reference: 36
Core Geometry: Sphericalj; ;& in. thick Type 347 stainless steel container
CORE REFLECTOR DELAYED
S F CRITICAL
Gpec§t1c Solution H/U?33 out Densit u?33
ra:; Y Concgg;ration Atomic Geometry Material Dimenzions (;;;éc; MASS
Solution (gm U*??/1litre) | Ratio (kgm)
- 37.8 647 Pseudosphere 2 BeO ~36 in. dia. | 2.7 0+565
- 38-3 638 Pseudosphere 2 BeO ~36 in. dia. 247 0.572
cube BeO 24 in. 27
_ 38.3 638 { (against core) } 0-573
cube graphite 18 in. thick 167
cube graphite 18 in. 1-67
_ 49-2 497 { (against core) } 0-735
cube BeO 12 in. thick 2.7
- 50-8 481 cube graphite 48 in, 1-67 0-760

a: Supported on 12 in. thick graphite plate




EXPERIMENTAL RESULTS FOR SINGLE U232’ CORES MODERATED BY
HYDROGEN - LOW AND INTERMEDIATE ENRICHMENTS

Table 5.42

4-89 wt € Enriched UO,F, Aqueous Solution

Reference: 6

Core Geometry: 27-3 cm dia. sphere; aluminium con-
tainer with a 3 in. dia. solution feed
pipe attached at the base

DELAYED CRITICAL
CORE _ CORE PARAMETERS

Specific Uranium

Gravity Concentration - Volume

. Atomic X Mass
of of Solution Ratio (litres) (kqm)
Solution (gm/gm) 9

No Reflector

1-56 0-3161 1012 172 4416

Effectively Infinite Water Reflector

152 0-2934 1113 17 3.78
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EXPERIMENT RESULTS FOR SINGLE U23> CORES MODERATED BY HYDROGEN -
LOW AND INTERMEDIATE ENRICHMENTS

Table 5.4

Cylinders of 2:00 wt % Enriched UF,/Paraffin Wax" Mixtures

Reference:
The fissile mixture used in these experiments was prepared from UF4 with an average particle
size of 150 microns and no particles greater than 300 microns. Subsidiary experiments show
that the effect of particle size on reactivity is small. The homogenity of mixing is also
verified by analysis.
The cores were pseudocylinders assembled from tablets of the mixture that were 1, 2 or
4 in. square and }, 1, 2 or 4 in. high, and clad in 0-0008 in. thick aluminium foil. The
core cross sections corresponding to various diameters are illustrated in Figure 5.4, the
diameter being evaluated on an equal area basis. The critical dimensioas given in the
table are nominal, i.e., they represent the combined thicknesses of the fuel blocks.
Horizontal dimensions should be increased by 0:61% and vertical dimensions by 0:45% to
obtain the actual dimensions of the core.
Each core was penetrated by four aluminium control rod guide tubes.
The cores were supported on an aluminium honeycomb table consisting of a horizontal stack
of 3 in. square x 6 ft. long Type 25 aluminium tubes, wall thickness 0-047 in. Where
required the top two layers of cells in the honeycomb could be filled with Plexiglas blocks

25, 38

forming a 6 in. thick reflector of average composition 91:8 vol. % Plexiglas, 6:2 vol. %

aluminium.
FISSILE MIXTURE DELAYED CRITICAL CORE PARAMETERS

Uranium H/u233 . Height y2?

Densi ty Density Atomic Di?wztsr H?;ghg ’6”_,—*”' Volume Mass
(gm/cc) Ratio 1n. : iameter (kgm)

No Reflector

3-93 2-6 294 24 540 - - 210
28 26+7 - - 1441

32 217 - - 149

40 17-9 - - 195

6 in. P n fin

45 31 195 24 477 - - 219
29 251 - - 16-9

31 222 - - 17-3

36 186 - - 19-3

44 16+2 - - 248

3-93 26 294 po] L8+4 - - 13+1
24 231 - - 8-9

28 179 - - 9+5

32 15-7 - - 107

44 12-8 - - 16-6

50 12°1 - - 20-6

a. Atomic Composition Cps Hs)
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EXPERIMENTAL RESULTS FOR SINGLE U227 CORES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE ENRICHMENTS

Table 5.44

Rectilinear Parallelepipeds of 2:00 wt Enriched UFg¢/Paraffin Wax® Mixture

The fissile mixture used in these experiments was prepared from UF4 with an average
particle size of 150 microne and no particle greater than 300 microne. Subsidiary
experiments show that the effect of particle size on reactivity is small. The homogenity
of mixing is also verified by analysis.

The cores were assembled from tablets of the_mixture that were 1, 2 or 4 in. square
and §, 1, 2 or 4 in. high, and clad in 0<008 in. thick aluminium foil. The critical
dimensions given in the table are nominal, i.e. they represent the combined thicknesses
of the fuel blocks. Horizontal dimensions should be increased by 0-61% and vertical
dimensions by 0°45% to obtain the actual dimensions of the core.

Each core was penetrated by four aluminium control tod guide tubes.

The cores were supported on an aluminium honeycomb table consisting of a horizontal
stack of 3 in. square x 6 ft. long Type 2S5 aluminium tubes, wall thickness 0-047 in.
Where required the top two layers of cells in the honeycomb could be filled with
Plexiglas blocks forming a 6 in. thick reflector of average composition 91-8 vol.%
Plexiglas, 6:2 vol.% aluminium.

FISSILE MIXTURE DELAYED CRITICAL CORE PARAMETERS
H/U??? ’ 235 REFER
Uranium (1] U ENCE
Density Density Atomic Dimgz::ons Height Height (Y:t:ZZ) Mass
(gm/cc) Ratio v Area (kgm)
No Reflector
b b b
45 31 195 71+5.em x 715 cm |94+1 cm - - - 24, 38
76+65cm x 76+-65¢cm |78+1 cm © - -¢ - ¢ 2, 38
86+75cm x 86-75cm |66+7 cm 9 - d -d 2, 38
3-93 26 294 22 in.x 22 in. 48+0 in. - - 200 25, 38
24 in.x 24 in. [31+2 in. - - 545 25, 38
28 in.x 28 in. |22+7 in. - - 153 25, 38
36 in.x 36 in. |[18+1 in. - - 20-1 25, 38
2:2 404 26 in.x 26 in. |22-1 in. - 24 108 20, 7
6 in. Plexiglas/Aluminium Reflector on Core Bottom and 6 in Paraffin on Top and Sides
445 31 195 22 in.x 22 in. b4l in. - - 220 25, 38
24 in.x 24 in. [31-3 in. - - 18-4 25, 38
28 in.x 28 in. (22+9 in. - - 18+4 25, 38
29 in.x 29 in. [21+6 in. - - 18+6 25, 38
36 in.x 36 in. 17-3 in. - - 22-9 25, 38
3-93 26 294 18 in.x 18 in. |53-0 in. - - 14-8 25, 38
2 in.x 20 in. [29-2 in. - - 10-0 25, 38
2, in.x 24 in. [19-5 in.® - -€ 9-60°¢ 25, 38
28 in.x 28 in. |16-2 in. - - 10-9 25, 38
36 in.x 36 in. 13+5 in. - - 150 25, 38
44 in.x 44 in. |12:3 in. - . 20+5 25, 38
2:2 404 21 in.x 21 in. |21+6 in. - i 156 69 26, 27
6 in. Paraffin Reflector on Two Sides Only
4e5 341 195 28 in.x 28 in. [31-0 in. : Lo I 24e9 25, 38
6 in. Paraffin Reflector on All Four Sides
' ;
445 31 195 28 in.x 28 in. (27-1 in. - b I 217 25, 38
Z) in.x 29 in. |26 in. - Y- 22-3 25, 38
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Table 5.44 (Cont'd

FISSILE MIXTURE

DELAYED CRITICAL CORE PARAMETERS

Uranium H/y2» Base Height Volume y23? REFERENCE
Density Density Atomic Height Mass
(gm/cc) Ratio Dimensions J/ Area (litres) (kgm)
6 in. Plexiglas(nluininium Reflector on Core Bottom and 6 in. Paraffin on Top
(Sides Unreflected)
45 3-1 195 29 in.x 29 in. 29 in. - - 249 25, 38
a Atomic composition CysHs2
b  Aluminium honeycomb shown by subsidiary experiments to reduce
measured critical height by 0-89 cm
¢ Aluminium honeycomb shown by subsidiary experiments to reduce
measured critical height by 0-77 cm
d Aluminium honeycomb shown by subsidiary experiments to reduce
measured critical height by 0-63 cm
e Control rod guide tables shown by subsidiary experiments to

increase measured critical height by } in. or 1:25%
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FXPERIMENTAL RESULTS FOR SINGLE U??” (DRES MODERATED RY HYDROGEN - LOW AND INTERMEDIATE EHRiCHMENTS

Table 5.45

Cylinders of 1-:42 Atomic % Enriched UF,/Paraffin Wax Mixtures

In these experiments the cores were pseudocylinders assembled from tablets of the fissile
mixture with dimensions of 6 in. x 3 in. x 1 in. or 3 in. x 3 in. x 1 in. (a small number of

blocks of sub multiples of these sizes of 1 in. and % in. thickness were also used).

core cross-section corresponding to one diameter is illustrated in Figure 5.5.

The

FISSILE MIXTURE

DELAYED CRITICAL CORE PARAMETERS

T
o Uranium | H/u?>? . Heiqgh Uranium | REFERENCE
?en;ltg Density | Atomic Di?m9§er H?1ght (Y?tum:) ! Mass
gm/cc (gm/cc) | Ratio om cm) Diameter 1tre | (tonne)
‘No Reflector
- 25 421-8 1071 108-7 1-01 980 2-44 28
116-4 91-8 0-789 977 2-43 28
1242 846 0-681 1025 2-55 28
131-4 79-3 0-604 i 1076 2-68 28
335 2-15 | 570 107-5 | 112-9 1.050 1021 2:20 29
1244 87-0 0-699 1057 2-7 29
1364 | 784 0-575 1145 246 29
8 in. Thick Polyethylene Reflector, (density 0-92 gm/cc)
2:5 | 421-8 91-9 | 1166 1.27 773 1-92 28
1071 82-5 0-770 Thds 1-85 28
138:0 | 636 0461 951 237 28
3-35 2:15 | 570 92-3 126-2 1-37 844 1-81 29
1075 875 0-814 793 1.70 29
12444 72-9 0-586 886 1-90 29
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UXPERIMENT AL

lable 5, 46

Heflectors

with Single Material
{See olso Tables 9.29, 9.31)

RESULTS FOR SINGEE U7 CORES WOFRAILD WY HYDROGEN = LON AND [HIERMEDIAIE ENRICHMENTS

In these experiments the cores were assembled fram tablets of the fissile mix-
ture with dimensions 6 in. x 3 in. x 1 in, or 3 in, x 3 in. x 3 in, ( a small
number of blocks of submulti
were also used)

ples of these sizes of 1 in. andi— in. thickness -

FISSILE MIXTURE

DELAYED CRITICAL CORE PARAMETERS

P | Bty | Mo | gms | s | D | e | Gmie | erm g
(gm/cc Ratio (tonne) -~ v’
No Reflector o 2NN
- 2<5 421 -8 868 x 868 1744 - 1314 327 28 _ .
931 x 93 123-8 - 1073 267 ' 28
100+0 x  99-9 10341 - 1030 "2-56 T 28 f
1077 x 1078 90-2 - 1047 261 hie- Rand (3
11544 x 1154 82-7 - 10 2474 . .28 '
1230 x 122+9 77-8 - 1176 2-93 28 i
1307 x 1306 742 - 1267 3415 28
~n~}i
3:35 2-15 570 91+5 x 92-2 1379 - 1163 250 - 29— -
1000 x  99-9 1072 - 107 230 b, TR K
1151 x 114+9 846 - 1114 2-40 29 ’
1227 x 123-0 79+1 - 1194 257 29
©30.7 x 130-8 7546 - 1292 2.78 29
1386 x 138+3 72+5 - 1390 2:9 29
In, Thick Polyethylene Reflector (density 022 gl/cc) A
- 2-5 421-8 15+ x 157 2A4+0 - 1169 2:9 3 B30 i
768 x 77-0 1777 - 1051 2:62 F
T9eh x 796 1424 - 300 2°24
845 x B4 1116 - 798 199 2
Va2 x a4 srets - 771 1492 28
1077 x 10/+8 s - 842 2-10 -]
1230 x 1231 643 - I 2:42 28
138-3 x 138:5 5940 - T 1147 2:86 2
3-35 215 570 7R x  76+8 208 - 123 2-65 29
R4e7 x B4eS 1250 - 895 1-92 29
42:6 x  12-2 7.0 - 828 178 29
999 x99 84+3 - 841 181 2
1074 x 107+5 7644 - 882 1-90 29
115+1 x 1149 AR - 944 2:03 29
123:0 x 1227 62 - 1014 2.18 29
138-3 x 138+6 62¢4 - 1196 2-57 29
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EXPERIMENTAL RESULTS FOR SINGLE U223 CORES MODERATED BY HYDROGEN - LOW AND INTERMEDIATE ENRICHMENTS

Table 5.47

Rectilinear Parallelepipeds of 1:42 Atomic € Enriched UF;/Paraffin Wax Mixture with Composite Reflector

(Includes cadmium shielded systems)
Reference: 29
Fissile Mixture: Density, 3:35 gm/cc
Uranium density, 2-15 gm/cc
H/U?33 atomic ratio, 570

In these experiments the cores were assembled from tablets of the fissile mixture with dimensions
6 in. x 3 in. x 1 in. or 3 in. x 3 in. x 1 in. (a small number of blocks of submultiples of these
sizes of 1 in. x ¥ in. thickness were alsc used).

Only one 45 in. x 45 in. face of the core was reflected as specified in the Table. The other

45 in. x 45 in. was reflected by 8 in. thick polythylene (density 0:92 gm/cc), and the remaining
faces were unreflected.

REFLECTOR
(See notes prefacing Table) DELAYED CRITICAL PARAMETERS
Density | Thickness Area | Thickness | Thickness
Material (gm/cc) (in.) (in.) (cm) .__.;;.;_ Volume | Mass
Unreflected - None 45 x 45 806 - - -
Polythene 0-92 ¥ 45 x 45 791 - - -
1 781 - - -
2 771 - - -
4 76-6 - - -
8 767 - - -
Concrete 23 1 L5 x 45 79-1 - - -
2 781 - - -
3 77-2 - - -
5 761 - - -
8 75.7 - - -
10 75.7 - - .
Concrete /Cadmium 2 2.3 4 45 x 45 8.5 - - -
8 783 - - -
Jabroc - 4 4 L5 75.9 - - -
(a wood product) > x
Jabroc/Cadmium 2 - 4 L5 x L5 79.3 - - -

a.

on the unreflected core surfaces).
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0:03 in. thick cadmium between core and the reflector specified in the Table (but not
between the core and the 8" thick polyethylene reflector on the opposing core surface,

or




EXPERIMENTAL RESULTS FOR SINGLE U?>> CORES MODERATED BY HYDROGEN - SYSTEMS WITH HETEROGENEOUS POISONING

Table 5,48

Borosilicate Glass Poisoning
Reference: 31, 39, 40
Fissile Material: UOa(NO3)a at 92-6 wt% Enrichment

These experiments were performed with cylindrical contalners of an aqueous fissile solution into which the glass was introduced
in the form of Raschig ring packing. In most instances the level of the solution had to be raised above the packed section of
the cylinder to achieve criticality. A number of results were obtained with the core clad in 0032 in. thick cadmium,

FISSILE SOLUTION GLASS PACKING DELAYED CRITICAL PARAMETERS
Size of Rings Glass
T;l;E Ju?3s Boron Con;:nt_ .
onte Glass Solution
CYLINDER 2 Specific Uranium R/ Quter | Inner Content Packed Diameter
Gravity Concentration 2::'::‘: Dia. Dia. Length C’{:s' Section Height Helght
(gm/litre) rass c (;rf\d
yl er
(in.) | (1n.) | (in.) (wt <) (wt <) (in.) (in.) (in.)
No Reflector
A - 415 59 150 125 170 0.5 ¢ 24+0 p-o] 2144 10-86
0-625 | 0-43 | 0-625| 3-9¢ %-0 2702 32:69
40 ° 21-0 33-6 38467
150 1425 170 41 d 241 356 4132
5.7 © 2401 346 41-03
A - 21y 92 1950 | 125 1.70 | 419 2401 3546 4148
- 141 191 1050 | 1:25 1.7 0-5 ¢ 240 21.0 2563
o5 ¢ 240 21-0 25463
A 41 241 356 447
D - EYNA 2% 1450 | 1:25 1.70 05 € 24+0 210 2686
D - 63-3 436 1050 | 1-25 1.0 | 05 °¢ 20 ! 21.0 28-23
B - 45 59 4o f -9 b 35:9 39-75
c - 45 59 1.50 | 1-25 1-70 5.7 € 21 48 20°0 343
5.7 ¢ 2401 46°5 44068
(Suberiti-
cal)
Effectively Infinite Water Reflector on Bottom and Sides-of Core
to a Helght Equal to that of the Fissile Solution
A - 45 59 1450 | 1425 1-70 0-5 © 240 20 2.4 834
0-625 | 0-43. | 0-625| 3-9¢ 3040 27°2 32:37
: 40 f 2.0 336 38°29
4o f 29 33-8 38.53
1.50 | 125 1.70 | 41 @ 2401 3506 40484,
507 @ 241 346 064
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Table ontd

FISSILE SOLUTION GLASS PACKING 'DELAYED CRITICAL PARAMETERS
Size of Rings Glass
TvpE HAJ2?9 | Boron
oF ::::::Ic Comu::x":lm A{"“‘ c Con:ont Con:;nt Dismeter Glass b Solution
CYLIvosR Y Ratio Outer | Inner 0:!‘. Packed Hetont Helone
Dia. Dia. Length Su::on .
Cylinder
(gm/1itre) (1n.) | (1n.) | (1n.) (wt %) (wt %) (in.) (in.) (1n,)
A - 219 92 |1es0 | 1e25 | 1ew | 41 ¢ 201 356 12
A - 140 191 1950 | 1-25 | 1:70 | 0.5 P 24-0 210 295
D 25-29
D - 94 20 (1% | 125 | 1e0 | o5® 240 210 26051
D - 633 436 150 | 125 | 1.0 | o0-5° 24+0 2140 27.78
B - 45 59 wof -9 35:9 39+49
40 ° 2°+9 500 500
(Subcriti-
cal)
c - Qa5 59 1050 | 1-25 1470 5.7 ¢ 21 30-0 34025
5.7 ¢ 241 46°5 4468

c.

The Type A cylinder was stainless steel with gz in. thick wells and § in. thick base

The Type B cylinder was aluminium with } in. walls and ', in, thick base

The Type C cylinder wes stainless steel with } in. thick wells and & very shallow, } in. thick
dished base
The Type D cylinder was the Type A cylinder clad in 0°032 in. thick cadmium

Random irregularities in the top surface of the ring bed introduced an uncertainty of £ 0-3 in,
in this messurement

Kimble Gilass Co, Type R-6

Kimble Glass Co. Type KG3)
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EXPERIMENTAL RESULTS FOR SINGLE Pu CORES MODERATED BY HYDROGEN
Iable 6.1
Unreflected Spheres of Aqueous Solutions - Unpolsoned

Plutonium dissolved Ln excess aqueous nitric acid.
Certain of the. solutions were contaminated with small quantities of iron.

Fissile Solutions:

Ll

Spheres: Stainless steel.
O IFP AL ST ATTD A TY AL I = - TY~ar
pui® PECIFLC SOLUTION CONCENTRATION DELAVED QRITICAL PARAMRETERS
s
SPHERE CONTENT Pu
wALL- of GAvITY Total apeutc REFEAES
THICKNESS  [PLUTONIUM smﬁ;lon Plutonium """“’::“ Nitrate Water Iron RATIO | Dismeter | Volume .P" i
(wt5) (gwittre) | ( Ton M o | ton w0y | (gwittre) | (go/1ttre) (in) (Litres) | 2%5
\om fen/litre ’ 1 (gy'11tre) VIR
4
0-044 in. 46 1249 ° | 105.2? 2.:7 ¥ %06 * | 8564 ? - 2152 - 2.9¢ | 2619°] 1, 2
0-116 in. 1.9 ? 105-2 2 2.37 »° 260-6 * 856-4 ° - 21.5° - 239 © 2516 1, 2,
0:116 in. 1.203 * 8s-4 * 1.78 ° 179-9 ¢ 894-0 * - 275-3° - 2343 € 2.000 €| 1, 2,
0-044 in. 1.191 3 68-4 ? 2.2 ¥P 227.¢ ? 891.7 * - 353-9 2 - 25.0 ¢ 1.710 © 1, 2,
0-050 1n? 417 1-1958 4320 418 281-8 - 0-179 - 16 3415 1-483 4
{Nominai)
d 1-1374 38-31 PR ) 163-0 - 0-12% - 1-302 :
d 1-1396 3815 2-58 180-0 - 0178 - 1.303 i
d 1-0991 3622 13 109+4 - 0-120 - 1.237 2
d 1-0961 3480 1412 1044 - 0-104 1-194 .
0-050 1nd**| 4.2 1.1816 27-48 463 285.75 - 0-141 - 18 49-0 14347 4
(Nominal)
dye 1-1472 2.18 349 19916 - 0-137. - 1-235 4
e 1-1020 23-85 2.27 148-41 - 0-123 - 1-167 4
dre 1-0894 2394 166 125-6 - 0-0389 . 14173 4
de 1-0860 23-14 1.560 10778 - 0-135 - 1.132 4
de 1.0788 23:40 19431 97.77 - 0-126 - 14140 3
de 10662 2235 0-935 76-12 - 0-120 - 1.095 4

a. Plutonium said to be in tetravalent form, Pu(NOy)4

b. gw/litre

c. These experiments were performed with & sphere of fixed volume 2)-22 litres and with supporting necks attached at top and bottoa.
paraseters are estimated by extrapolation of reciprocal multiplication curves.

The critical

No correction is applied for the change in geometry which would be

roquired to contain the extrapolated volume. lor are corzections ippliec for the supporting necks or other incidental reflectors, (see Figure 6.1)
d. Type 347 stainless steel sphere with l in. OD solution feed plpe sttached to the bottom and supporting neck to the top. Subsidiary expesiments. show
correction for supporting neck & ga plutoniue
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EXPERIMENTAL RESULTS FOR SINGLE Pu CORES MODERATED BY HYDROGEN

References

Table 6.2
U flec her f A luti with added Lithium

4

Fissile Solutions:s Plutonium (4-2 wt $ Pu?*%) dissolved i excess aqueous nitric acid.

Lithium added as lithium nitrate.

Small amounts of iron contamination also present. Where duplicate samples of the same solution are analysed the
higher iron concentration is the more reliable.

Spherest 0:050 in. thick Type 347 stainless steel clad in 0-020 in. thick cadmium; g in. OD solution feed pipe attached
to bottom and a supporting neck to top. Subsidiary experiments show correction for supporting neck €5 gm
plutonium.

DENSITY SOLUTION CONCENTRATION H/pu DELAYED CRITICAL PARAMETERS

OF X

SOLUTION Plutonium Hgg;ogen Totaiozltrate Lithium Iron ngTéC Diameter Volume -MZ:s

(gm/ cc) (gm/litre) (gm oy litre) (gn/litre) (gm/1litre) | (gm/litre) (in.) (litres) (kqm)

1-0917 2543 1-64 1233 0-223 0:0407 - 18 49-0 1:242 Samples

(nominal) ' of the

same

1.0914 2547 1445 116-5 0.223 0-165 - 1.244 solution

1.0964 25.98 174 132:6 0-528 0-0361 - 1:270 Samples
of the
same

1-0985 27-00 174 103-0 0-528 0.154 - 14320 solution

1-1001 28.28 1-64 133.7 0-680 0-0392 - 1.386 Samples
of the
same

11006 2854 1-37 132-2 0.680 0-133 - 1-399 solution

1.1043 29.83 1-69 141-4 0-88 0-0435 - 1-459 Samples
f th

1-1059 30-43 1449 1342 0-88 0-092 - 1:488 }‘;ame N

1-1050 2906 147 131-8 0-88 0-208 - 1-421 solution
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EXPERIMENTAL RESULTS FOR SINGLE Pu:CORES MODERATED 3Y HYDROGEN

Fissile Solutions:

Table 6.
Spheres of Aqueous Solutions with Water Reflector - Unpoisoned

Plutonium dissolved in excess aqueous nitric acid.
Certain of the solutions were contaminated with
small, quantities of iron.

Spheres: Stainless Steel.
Reflector: Effectively infinite thickness.
cne e curicn au
S:ifif CZ::::t Specific Solution Concentration /o o REFERENCES
Bl TN et stonic |O{shelet || Jolune [uass
Pl‘(’:‘:;;“m Solution | Plutonium "}'g;"frf" Nitrate ION Water Iron Ratio (kgm)
(gny/ litre) (gm fon/litre) (gm/t:ci):re) (gm/1litre) | (gm/1litre)
0-049 in. 4-6 1-591 2 4312 176 2 379 @ 763 2 - 97| -° 13.75. € [5.93 © 5
1-585 2 378 * 1-37 2 386 ° 784 ° - 55-92| - ¢ 13-50 © [5-10 € 5
1.517 2 310 ? 0-86 2 319 ? 823 2 - 71| - © 13-05 € [4-05 © 5
1-492 2 295 2 0-78 2 303 ? 850 2 - 712 - € 1296 ¢ [3-82 ¢ 5
1-469 * 215 2 0-76 2 293 ° 863 2 - 8396 - °© 12-85 ©[3-53 € 5
0-089 in. 1-469 2 252 0-76 2 293 ° 863 ° - 83-96| - °© 13-09 € [3-60 € 5
0-125 in. 1.458 2 2812 074 2 20 ? 879 ? - 8367 -° 13-11 “[3.68 € 5
0-304 tn. 1448 ° | 278 ° 0-98 * 286 ° 80 ° - 296 -° [ 1351 °[37% s
1-429 © 210 P 28 ° 38 P a9 P - 105-5 -2 1344 €| 2-81 ¢ 6
1-395 ° | 183 ® 2:6 P 354 ° 855 ° - 274 | -2 13-27 €| 2:43 € 6
1.%7°% | 169 ® 23 ° 32 ° 861 ° - 1385 | - °© 13-10 ¢ | 221 © 6
137° | wo? 22 ° 284 ° 8g2 © - 1m0 | -¢ | 1297 ¢[182°] 6
10293 % | 132 23 281 ° 875 © - 1801 | -°© 12297 1.7 © 6
120 | 119 P 20 ° %5 ® 908 ° - 066 | -°© 1293 | 154 € 5
0-089 in. 1-272® | 118 ® 2-05 P 25 %03 ° - o073 | - °© 13-12 €| 1.55 © 5
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ous Solutions

Iable 6.3 (Cont'd)

with Water Reflector - Unpofsoned

CORE

DELAYED CGRITICAL CORE

PARAMETERS
SPHERE 240
it pudt0 Solutidn Concentration
s Content | Specific Wha py | REFERENCES
THICKNESS Gravity Diameter | Volume
of of Hydrogen Total Atomic (in.) | (itres) Mass
Plutonium Plutonium yérog Nitrate Ion Water Iron Ratio . (kgm)
Solution lon -
(1] (gw'11tre) | oy 1on/11tre) (Wl'x:.) (9m/11tre) | (gm/1itre)
0125 in. 1.28°% |19 ® 201 ® %9 ° 905 ° - 2059 | -°¢ 13:26 €[ 1.58 ¢ 5
0-304 n. 1279% |0 ® 2205 ° 252 ® %03 ° - 2038 | -¢ 1360 [1.63 € 5
0-049 n. 118 ® 1016 P 0-60 ° %3 ® 957 P - 2515 | - ¢ 12033 “{1.25 © 5
1.29° | 96 1-67 ° 03° 919 P - 2583 | - ¢ 1299 | 1.25 © 5
0-304 1.226° | 98 ° 1.65 ° 205 ° 916 ° - 2622 | - ¢ 1370 ¢ |13 © 5
0-049 1n. 1165 % | 93.5 P 0-38 ° 10 ® 91 © - 255 | - ¢ 12:45 €| 1416 € 5
12146 ° | a0 ® 086® | w?® 97 © - w80 | -°© 12:69 € [1.07 © 5
1140 % | 794 P 03 ® | 102® %3 P - 322.9 | - °© 1277 €| 1.01 € 5
1135 | 762 0-61° 17 ® 97 ° - me | -°© 12-85 ©|0-98 © 5
1110° | 230 P 0-15 ° 86 ® 953 ° - us-9 | - 12.94 ¢ | 0-94 ©1 5
1o® | s P ores® | aa® 953 ° - a0 | - | 139807 ] s
005 tn9 |  3-12 |1-2695 72 472 359 822+7 0237 - 12:0 15419 [ 1-176 4
(nominal)
1-2412 70-22 4+07 322 8436 0-218 - 1.0 4
- 6416 - - - 0-19%0 - 0-973 4
1-2152 63:75 3-62 210 8609 0-204 - 0-961 4
- 635 ¢ - - - ¢ o ® - 0-911 4
1
1-1898 5993 ¢ 30 * an* 879-8* | o199 | -° f0911 4
-t | 5615 - - - om® | - ;0-360 %
1-1682° 56-20 ¢ 249 ¢ o207 899-2 * 0203 * - 1 Q-854 4
! !
1-1482 51-80 2-2 D16 920:0 0272 - i 0786 4
1-1318 50-39 1-57 128 922-8 0-178 - ’ 0-763 4
1-1306 50-25 1461 199 9%1-3 0-199 - 0-761 4
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able 6.

nt'd

Spheres of Aqueous Solutions with Water Reflector - Unpoisoned

DELAYED CRITICAL CORE

CORE PARAMETERS
SPHERE py 340 Solution Concentration
T:?ét;ESS COn;;ﬂl g?::::;c H Total A:ﬁ:: Diameter| Volume “P:s REFERENCES
Plutonium of Plutonium {g:°9’“ Nitrate Ion Water Iron Ratxoc (in.) |(litres) (:gm)
(wtg) | Selution (gny'1itre) (gn fory1itre) (WN?:M) (gm/1itre) (gm/1itre)
0-050 in.d 1-76 1-1006 34-81 1-46 116-0 9401 o-121 - 13-0 18-94 | 0-654 4
(nominal)
1-1012 34-59 144 117-0 939-8 0-113 - 0-656 4
1-0858 34-06 1-04 87-1 9556 0-124 - 0-640 4
1-0848 33-17 1-02 85-2 962-4 0-123 - 0-631 4
3-12 1-1905 464 3.7 269 865+2 0-269 - 0-846 4
1-1910 44412 3-63 270 868-3 0-262 - 0-834 4
1-1548 41-10 2:90 05 908-6 0-266 - P-777 4.
11547 40-69 2-90 205 906-2 0-248 ! - 0-773 4
141279 38-83 2:01 156 9267 0-141 l - 0727 4
1-1107 33-1 167 128 - 0-110 - 0-712 4
1-1106 37-99 164 132 - 0-095 - 0-716 4
b 1-1106 -1 166 125 942-5 0-128 - 18-04 | 0-669 4
b 1-0910 36-27 115 93-1 9551 0-114 - 0-654 4
0-050 in.d 0-54 1-1321 28-63 2-72 188 915-0 0-165 - 14-0 23-64 | 0-666 4
(nominal)
1-1300 28-50 2: 187 914-8 0-163 - 0-671 4
1-10%0 271N 1-85 138 936-6 0-160 - 0-648 4
1-1040 21-39 1-90 137 945-0 0-152 - 0-647 4
1-0869 26-77 1+42 107 955-5 0-147 - 0-631 4
1-0695 26-69 0-97 78-3 967-2 0-146 - 0-627 4
1-0692 26-33 0-99 -3 9%67-6 0-143 - 0:625 4
1-0858 26-23 1-41 107 954-9 0-150 - 0-622 4
176 1-0885 27195 144 109 9394 0-092 - 0-652 4
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able 6.

nt'd

Spheres of Aqueoug Solutions with Water Reflector - Unpoisoned

CORE

DELAYED QRITICAL QORE

PARAMETERS
SPHERE 240 Solution Concentration
riGaEss | content 2’:::;:;‘ Hydrogen Total A’x:‘c Diaseter | Volume [ Pu  |REFERENCES
SRCTONS Be  rv-vol N Y N i g ooy IR B R (O
(wif) Solution (gm 1on/litre) (gn/“:")
1-0885 27-92 1-42 110 938-4 0-09% - 0-661 4
3-12 1-2508 39-62 5-75 408 799-7 0-147 - 0-935 4
1-1993 35-82 4-39 308 8447 0-144 - 0-841 4
1-2001 3553 4-32 mn 8524 0-146 - 0-840 4
1-1460 3179 2:90 208 898-6 010 - 0-752 4
1-1087 30-33 1-92 143 925-4 0-113 - 0-713 4
1-0918 2-15 1-39 109 51-8 0129 - 0-708 4
1.0931 2974 1-51 115 941+4 0:11) - 0-701 4
1-0914 29-61 1-40 110 948-2 0127 - o699 4
1-0769 28-78 1-02 87-4 957-7 0-110 - ! 0-681 4
3-43 [ 1-0923° 29-75° 1-46° m ¢ 944-7° 0-129° -¢ : 0-698 4
1.0916* 29-55¢ 1-46¢ 12 ¢ 947-4¢ 0-148¢ . 0-699
1-0925 29-60 1-51 m 948-3 0-142 - 0+695 4
4-05 - 41-19° - - - € 0-126° -¢ 0-973 4
1.2405° 41012° 5-40° 384-9° 811-9° 0-126° - 0-9Mm 4
1-2172 . 38-72 5-46 335-2 8334 0-126 - 0-915 4
- 37-84 LT 3% - 0-115 - 0-892 4
1-1826 36-38 3-69 212-4 8657 0-104 - 0-857 4
1-1496° 3%-07° 2.92° 210-7° 890-1° 0-093* -¢ 0-801 4
- 33-81° - - -0 0-100° .. 0-795 4
1-1117 3172 1-88 146-8 - 0-086 - 0-748 4
- %-79* - - - 0-083° - 0727 4
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Jable 6.3 (Cont'd)

Spheres of Aqueous Solutions with Water Reflector - Unpoisoned
CORE DELAYED CRITICAL CORE
SPHERE Solution Concentration

m'l'&téss C:::::t Specific Total H/Pu pu | REFERENCES

of Grazzty Plutonium H}l::wen Nitrat‘e Ion Water Iron Atomic m?‘::f;r (Y?lt:::) Mass :

Pl\z:t;i)um solution (gm/1) (9@ fon/litre) (gm/lli):'t") (gm/litre)| (gm/litre) | Ratio (kgm)

1.0967 *{ 2075 ¢ 144 ¢ 1193 % | 940-3 ¢ 0-074 ¢ - 0726 | 4

10777 29:9% 1-01 87-49 959-8 0-128 - 0-706 | 4

- 29-82 - - - 0-104 - 0-76. | 4

440 | 11208 32:41 2-22 158 926-3 0-102 - 0758 | 4

1-1021 31-04 1-71 127 930-8 0-110 - 0727 4

141016 379 1-63 126 944-0 0-105 - o9 | 4

0-044 tn. 46 1-303 | 630 P 6-64 ° ™9 | 760 P - U454 L P N TR

1.295 | 585 P 6-51 ° 4s ™9 | 970 P - 360 - laet | 1a | o

1.206 ®| 570 ° 6-00 ° 431 %9 | 997 - 3870 L PP LN IRTCOILY B

120 °| 536 ° 627 ° ws 9 | o ° - 409-3 N PPl R R I

1285 °} 5203 ° 6-47 ® 455 29 | 975 ° - 387-0 L PPl IRPPYILE

127 ®| 530 ® 5.95 ° 4269 | 790 P - 4225 L PIETLE RV )

1-268 °| 495 ° 6-01 ° 424 %9 | 786 ° - 450-5 L P il T B

1.268 ®| 49-2 P 5.96 ° 2129 | 99y - 4574 L PR IR B

1268 ®| 49.2 5.96 ® a1 9 | g9 P . 45744 -P 228" 1e3P] 2

129 ®| 479 B 6-70 ° 46529 | 795 ® - 462-9 -l en o

1-286 ®| 468 ° 662 ° 599 | 90 P - 470+6 b 2338 | 109 M| 7

11260 °| 445 ® 5:49 ° 386 9 | 85 ° - 521-6 -t o] 7

1203 % 421 P 422° 202%9 | 8o ° - 559+9 P lno®|o9a™ s

1199 | w04 b so7® 295 ™9 | es6 P - 5865 -b 26" 01| 8

1198 ®| 392 ® 420" B9 | ay - 5965 b gt oar™ e

0-124 1n. 14199 >| 399 P e12® 297™9 | &7 - 5959 -h 123 09| 8
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OORE DELAYED CRITICAL CORE PARAMETERS
SPHERE py 140 Solution Concentration
WALL- v Specific REFERENCES
THICKNESS Con:ont Gravity H/Pu Diameter Volume Py
(] of Hydrogen Total Atoamic (in.) (1itres) Mass
Plutonium Solution Plutonium Ion .'lu,nt.: Ion Water Iron Ratio ¢ (kgm)
(wt %) (ga/11tre) (gm tor/11tre) NO3 (gm/1itre) | (gay/litre)
(gw/litre)

1194 ® | 38.8° 4. ® 3 B9 as ® - 6036 -h 237 " | 02" 8
0-160 in. 1199 Y | 203 ® 413 ® 298 29 g7 ® - 589.0 -h 23.3 M| 0.92" 3
0-044 tn. 1196 ° | 384 ® 406 ® 292 9 854 P - 615-6 -h 23-3 " | 039" 8

14126 ® | 366 ® 2.01 ° 136 B9 92, ° - 633+3 -h .37V o7g? 7

a2 ® | e ® 2-08 ° 165 9 926 P - 72941 .h 257 | o0.78 B 7

192 % | 3%e0?® 2.06 ° 163 29 930 ° - 2406 -h 252" Yo 7
0124 in. 1121 Y ] wua® 2.9 ° 165 ®9 918 ° - 722.9 - h 2.00 " | g.g M 7
0-160 in. 1921 ® | 3. ® 2.9 ° 165 D9 916 ©® - 22144 .h 2l oar P 7
0-0LL in. 11123 ® | 335 ® 2.7 ° 163 9 920 ©® - 73-8 -h 2.9 " | 0.l 7

11409 27.05 3.07 212 9007 0-096 - ' 0.787 .
0.050 in. 9| 3.12 1.1068 25.83 2.08 147 9271 0-094 - 15:2 28-99 0746 4

(nominal)
1.0899 25410 1-60 16 9465 0.092 . 0-722 3
1.0899 25.02 1.60 116 9470 0-084 - 0-726 7

a. Plutonium sald to be partly in hexavalent form Pu02(NO3)a and partly in tetravalent form Pu(NOy) 4

b. Plutonium said to be in tetravalent form Pu(NOj)4

¢. These experiments were performed in a sphere of fixed volume 12:95 litres and with supporting necks attached to top and bottom (see Figure 6.1). The
critical parameter of larger systems are estimated by extrapolation of reciprocal aultiplication curves. No correction is applied for the change in
geometry which would be required to contain the extrapolated volume. Simlilarly no correction to complete sphere geometry is made for systems which are
critical below 12:95 litres. Subsidiary experiments show correction for supporting necks i{s within the uncertainty of the experiments

d. Type 347 stainless steel sphere with ‘.‘ in. 0.D. solution feed pipe attached to the bottom and supporting neck to the top. Subsidlary experiments show
correction for supporting neck = 5 gm plutonium

e. Duplicate samples of the same fissile solution

f. 20 gauge type 2S aluminium sphere

9. gm per litre

h. These experiments were performed in a sphere of fixed volume 23:22 litres and with supporting necks attached to top and bottom (see Figure 6.1). The
critical parameters of larger systems are estimated by extrapolation of reciprocal multiplication curves. No correction ls applied far the change in
geometry which would be required to contain the extrapolated volume. Similarly no correction to complete sphere geometry is made for systems which are
critical below 23:22 litres. Subsidiary experiments show correction for vessel neck is within the uncertainty of the experiments
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Spheres:

Reflectors

EXPERIMENTAL RESULTS FQR SINGLE Pu CORES
Isble 605

7
‘

ution: Plutonium (4-6 wt % Pu?*®), dissolved
be in the tetravalent form Pu(NOj3)4.

431 BXALEOS dyueous nairi

0:044 in. thick stainless steel clad in 0:03 in. thick cadmium.

Effectively infinite thickness.

These experiments were performed in a single sphere of fixed volume 23:22 litres.
systems are estimated by extrapolation of reciprocal multiplication curves.

geometry which would be required to contain the extrapolated volume.

The critical parameters of larger
No correction is applied for the change in
Similarly, no correction to complete sphere geometry

s
C acidgj;

is made for systems which are critical below 23:22 litres.
CORE DELAYED CRITICAL CORE PARAMETERS
Solution Concentration (gm/litre)
SPECIFIC H/Pu Vo lume Pu
GRAVITY Hydrogen Total Nitrate Atomic Diameter (1itres) Mass
OF Plutonium Ion Ion Water Ratio (kgm)
SOLUTION NO,
1:242 70-4 3-32 219 888 346-1 - 22-77 161
1-244 70+1 3-47 290 883 346+2 - 22-94 1-61
1+240 69+4 374 304 858 34141 - 23-10 1-60
1151 60-2 1-35 147 946 4225 - 21-88 1-32
1-148 56-7 1-27 137 957 453-4 - 22-02 1-25
1144 55-0 1:49 150 942 4611 - 22-28 1-23
1-122 50+1 1-39 138 932 5004 - 22-87 1-14
1-123 50-2 1-39 139 938 502-6 - 22491 1-15
1126 46-9 1-41 136 947 543-2 - 23-25 1-09
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EXPERIMENTAL RESULTS FOR SINGLE Pu tDRES MODERATED BY HYDROGEN

Spheres of Agueous Soluti with W flector - with Added hium g u
References 4
Fissile Solutions: Plutonium dissolved in excess aqueous nitric acid

Lithium addéd as lithium nitrate and bismuth as bismuth nitrate
Small amounts of iron contamination also present

Spheres: 005 in. thick Type 347 stalnless steely 3 in. 0.D. solution
feed pipe attached to bottom and a supporting neck to top.
Subsidiary experiments show correction for supporting neck
<5g.m. plutonium

Refiectors Effectively infinite thickness
CORE DELAYED CRITICAL CORE PARAMETERS
pu?40 Solution Concentration
Content De::ity lVPu Diameter Volume Pu REMARKS
of Soiution | Piutonium Hydroggn Total Nitrate Water Lithium or iron Atomic (in.) (litres) l(iass)
Plutonium Ion H Ion NOj Bismuth Ratio ¢ kgm
(wt %) (g cc) (gn/1itre) (gm ion/litre) (gm/litre) (gn/1itre) (gm/1litre) (gn/1itre)
Solutions Poisoned with Lithium
3.43 1.0968 31-19 149 118 9461 04206 0157 - 140 23+64 | 0736 Samples of
(nominal) the same
1.0966 31.42 1+49 117.6 94345 0206 0-187 - 0742 solution
1.0984 31-66 1+50 119 94442 0.235 0-151 - 04749 Samples of
_ the same
- 30-84 - - - - 04165 - 0730 solution
1-1008 32.82 1-53 122 943-9 0-362 0-147 - 0775
1-1030 33-92 1-54 125 9438 0+441 0-154 - 0-799 Samples of
A the same
- 3240 - - - - - - 0763 solution
1+1086 3470 1.38 131 9274 0-661 0-168 - 0820
- 34+39 - - - - 0161 - 0813
11243 3994 1-84 147 9215 131 0-162 - 0944
1.1566 4134 2:T7 206 9007 1-17 0-192 - 0:973 Samples of
the same
- 40:99 - - - - 0-259 - 0:964 solutioen
1.1599 42-98 2:75 ‘ - 895.2 1033 0-188 - 1.012 Samples of
the same
1 4331 - - - - 017 - 1.020 solution
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Iable 6.5 (Cont'd)

h Aquegus Solutions with Water Reflector - with Added Lithium or Bismuth
CORE DELAYED CRITICAL CORE PARAMETERS
pu?40 Solution Concentration
Content De:;‘“y Weo | o or | velume Pu REMARKS
of . Solution | Plutonium Hydrogin Total Nitfate Water Li}hium or Iron Atowic (in.) (litres) Mass
Plutonium (gn/cc) (gn/ litre) Ion H Ion NO3 (gn/litre) Bismuth (gn/1itre) Ratio (kgm)
(wt %) (gm ion/litre) (gm/litre) 9 (gn/litre)
Solutions Poisoned with Bismuth
_ 312 - 1-1693 31-21 1-36 153 932-1 49-8 0-139 - 14-0 23-64 0-739 Samples of
(nominal) the same
1:1753 31-05 1:42 154 9247 49+8 0-159 - 0-735 | solution
142245 32-22 154 187 899-7 83-65 0141 - 0-763
1.2854 33:46 2:37 220 8946 12146 04142 - 0-792 Samples of
the same
12957 33.36 2-35 227 8944 121:6 0-160 - 0-790 solution
14103 3575 2:2 315 856-73 1967 0-169 - 0-846
14795 37.37 2.3 260 838.92 2410 0-230 - 0-880

3. Questionable values due to interference of bismuth in the analysis




EXPERIMENTAL RESULTS FOR SINGLE Pu CORES MODERATED BY HYDROGEN

These experiments were performed in a single sphere of fixed volume 2322 litres.
systems are estimated by extrapolation of reciprccal multiplication curves.
in geometry which would be required to contain the extrapolated volume.

Fissile Solutions

iable 6.6

Spheres of Aqueous Solutions with Paraffin Reflector

Spheres:

acidy said to be in the tetravalent form Pu(NOjy)a

Stainless steely

bottom (see Figure 6.1).

is made for systems which are critical below 23:22 litres.

Plutonium (4:6 wt $ Pu340) dissolved in excess aqueous nitric

supporting necks attached to top and

The critical parameters of larger

No correction is applied for the change

Similarly no correction to complete geometry

CORE DEL”EDP?;thE(I‘:gSmRE
TE:A:.;BE:SS Specific Solution Concentration (gm/litre) H/Pu ';Sfasgrssa; Velune Mas REFERENCES
Grav:ty Plutonium Hydrogen | Total Nitrate Water :::T:c Diameter (l1itres) | (kgm)
Solgtlon Lon lon NO3
0044 in. 1+475 22046 3-83 4610 798-0 100-2 05 in. - 240 5-268 2, 3
1-502 220 4ol 552 73 934 - 2%-8 | 5-46 3,9
1.502 220 4edt 552 734 934 a - %9 | 548 3,9
14450 200+ 3-84 4590 800+0 | 110+5 - %0 |5268( 2,3
14443 191.2 3-8 4850 801-0 | 116+0 - 2.2 |e62m| 2,3
1407 178-2 4416 4395 77645 121-3 - 22°0 3-920 2 3
1+405 164+6 3-88 433-0 839+4 | 141-0 - 236 |38 | 2 3
1399 1640 392 400+0 7900 | 133+6 - 23:0 | 377 2,3
1.282 974 3-70 342 845 239+4 - 220 |2-% 3,9
1.297 967 435 353-0 832:0 | 2391 - 235 |22 | 2,3
0044 in. 1517 , 238-0 521 531.0 7450 | 883 1+0 1n. - 22°5 536 2,3
1516 2289 531 5510 742:0 | 91+6 - 26 |57 2,3
0124 tn. | 1514 233-0 5-55 527-0 7380 | 89-8 - 2.7 |529 2,3
1514 2330 5.55 527-0 738.0 | 89-8 - 27 |529 2,3
1515 2%0+0 562 560+0 7350 | 90-7 - 28 |52, 2,3
004k 1n. | 1:503 221 446 548 729 88-8 - 2.0 |5-06 3,9
1-506 219 445 s01° 2} 93+5 ¢ - 2.2 |[5.08 39
1+506 219 445 501 2Y 93+5 d - 241 506 | 3,9
1-402 150-1, 5.1 476+0 764°0 | 143-2 - 218 |[3-27 2,3
1407 13344 641 552-0 7260 | 155-9 - 230 |3-07 2,3
1439% 1300 5¢21 502:0 760 | 161-9 - 22:6 | 2-9% 2,3
14393 128+6 591 4820 7740 | 170-8 - 227 | 292 2,3
0412 tn. | 1.9 128+6 591 4820 774+0 | 170-8 - 22:8 | 293 2,3
0-04k in. | 12391 1274 643 5140 750-0 | 168-3 - 229 |[2:92 2,3
0124 tn. | 1-391 12744 6:43 514-0 7500 | 168-3 - 22-6 |2-88 2,3
0044 in. | 1-388 126-1 6404 50040 750-0 | 169+3 - 22 |20 2,3
0124 in. | 1.388 126-1 604 5000 7500 | 169+3 - -5 |2-84 2,3

184




[able 6.6 (Cont'd)
Spheres of Aqueous jolutions with Paraffin Reflector

OCORE DELAYED CRITICAL OORE
SPHERE - REFLECTOR

WALL- gpoclﬂc Solution Concentration (gm/litre) H/Pu THICKNESS REPERENCSS
ravity Volume Mass

THICKNESS of Plutoniue | Hydrogen | Total Nitrate| ... - :::T:c Daseter | (lttres) | (kom)

Solution Ion Ton NO3 ate

0+044 in. 1:400 126-4 6-27 5120 743-0 1678 e - 2246 2:86 2, )
14322 85+1 618 4590 766+0 | 2563 - 28 194 2,3
1206 536 3:49 290 851 4379 - 22°2 119 39

a. 5 in. dis. section of reflector moved ! in. away from core

b.  Unreliable values

2

ce. 10 in, dia. top section of reflector removed

d. 10 in. dis. side section of reflector removed

e. Sphere neck mockup adjacent to sphere

185
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EXPERIMENTAL RESULTS FOR SINGLE Pu CORES MODERATED BY HYDROGEN

Fissile Solutions Plutonium
Pu(NO3) 4«

Spheres: 0-044 in.

These experiments were performed in a single sphere of

multiplication curves.

Spheres of Agueous Solutions with Concrete Reflector

bl

(Includes cadmium shielded systems)

(4+6 wt £ Pu?*9) dissolved in excess aqueous nitric acid, said to be in the tetravalent form,

thick stainless steel.

fixed volume 23-22 litres.

The critical parameters of larger systems are estimated by extrapolation of reciprocal
No correction is applied for the change in geometry which would be required to contain the extrapolated volume.
sphere geometry is made for systems which are critical below 23-22 litres.

Similarly no correction to complete

CORE REFLECTOR DELAYED CRITICAL CORE PARAMETERS
SPHERE Solution Concentration
WALL- Specific WPy Pu REFERENCES
THICKNESS | Gravity Atomi G t Tnickness | Diameter Vo lume "
of Hydrogen Total Nitrate mic eometly (in.) (litres) ass
Plutonium 1 - Water Ratio (kgm)
Solution ( w litre) Ion H Ton NO3 (gn/litre)
9 (gm ion/litre) (gm/litre) g
0-044 in. | 1508 2320 486 540 733 89-5 Sphere 4 - 216 2 5.01 2 3,9
1-201 50-9 3-88 294 849 461-0 - 2247 2 1-16 2 3,9
1-201 50-9 3.88 294 849 461-0 . 22.6 2 1.15 2 3,9
1.258 4649 5.62 416 733 L7447 - 22-8 1-07 3,9
0-124 in. 1.258 4649 5.62 416 788 4747 - 23-0 1-08 3,9
1.252 464 5.62 404 804 488-9 - 23-2 1.03 3,9
1.252 46+4 5-62 404 804 488-9 - 23-2 1-08 3,9
0-160 in. 1.258 469 5-62 416 728 4747 - 23.2 1-09 3,9
1-248 437 5.66 410 803 521.8 - 23-6 1-03 3,9
0-044 in. 1-150 36-5 2-78 2130 902-0 6732 - 229 0-84 2,3
1.146 36-3 2-94 218-0 390-0 665-8 - 22:6 0-82 2,3
1-093 329 117 18 949 7742 - 22-9 0-75 3,9
1-093 329 1-17 13 949 7742 - 22-9 0-75 3,9
1-093 32.7 1-08 13 947 7767 - 231 0-75 3,9
1.0 32-6 1.20 120 948 779-1 - 22-9 0-75 3,9
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A u u n: R
CORE REFLECTOR DELAYED CRITICAL CORE PARAMETERS
SPHERE Solution Concentration
WALL- Specific HPu Pu REFERENCES
THICKNESS | Gravity Atoaic Ge ¢ Thickness | Diameter Volume
of Hydrogen Total Nitrate ometry (in.) (litres) Mass
Solution | Piutonium Ton Ton NOj Water Ratfo (kgm)
(g0 11tre) (gm lon/litre) (gn/1itre) (gw/11tre)
0-044 in. 1.288 118 1-88 239 927 212-8 Hemi sphere 4 in. alr- [ - 22-4 2:62 6
gap between core and
reflector
1266 115 1.95 240 912 214-6 - 22-23 2:56 6
1.251 106 2:01 234 906 231+4 - 22:27 2:36 6
1-230 92-8 183 215 915 251.8 - 22-38 2-20 6
1-217 88-3 1-98 214 915 280-4 - 22-57 1-99 6
1-205 81.7 2.0 214 906 3004 - 22.78 1-86 6
1189 134 2-N 207 905 334-2 - 22:37 1.72 5
0-044 in. 1.259 -0 4:34 b'A] 845 34041 Sphere 4 in. air-gap ° - 2309 159 6
between core and
reflector
1.250 67-9 4-29 336 843 3447 - 23-20 1-58 6
1170 542 2-55 214 901 452-5 - 2252 1.22 €
14163 5241 20 197 909 473-8 - 2296 1-20 76
1172 496 2:-27 193 926 506-6 - 2325 1-16 76
0:044 in. 1.157 5244 2:07 183 921 4758 Hemisphere 10 - 22.07 1:16 76
1:147 47 2.05 176 920 530-0 - 23.08 1.08 76
0-044 in. | 1281 479 646 450 73 460-6 | Sphere 10 - 22.22 1.06 7
1.29 448 6:46 447 780 4967 - 284 1.02 76
1-286 43-3 6-37 - 445 ™M 520-1 - 23-25 101 76
1-214 40-5 4-40 315 850 583-1 - 2193 0-89 76
1.205 38-4 4-46 5 8 611.2 - 2-52 0-86 7?6
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CORE REFLECTOR DELAYED CRITICAL CORE PARAMETERS
SPHERE Solution Concentration
WALL- Specific W Pu Pu REFERENCES
THICKNESS | Gravity Atomi Geometr Thickness | Diameter Vo lume Mass
of Hydrogen Total Nitrate s ¢ Y (in.) (litres) 2
Plutonium . 3 - Water Ratio (kgm)
Solution ( n/lltre) Ton'H lon NOy (Wlltre)
9 (gm ion/litre) (gny/litre)
1200 36-8 442 312 848 640-4 - 2296 0-84 76
1.213 365 4-38 309 864 657+0 - 23-27 0-85 76
1.096 333 1.1 119 944 760-5 - 21> 072 73
1095 32-8 111 120 938 767-2 - 21.5 0-7 73
1-092 315 1-09 121 935 796-2 - 22.0 0-69 73
1.087 30-0 1.07 123 933 8341 - 22-9 0-69 73

a. Sphere clad in 0-03 in. thick cadaium




EXPERIMENTAL RESULTS FOR SINGLE Pu CORES MODERATED BY HYDROGEN

Table 6.8
Unreflected Cylinders of Aqueous Solutions

References 10

Fissile Solutions Plutonium dissolved in excess aqueous nitric acid; said to
be in the tetravalent form, except for solutions containing
> 150 gy litre plutonium where up to 25% of the plutonium
may be in the hexavalent form PuO2.(NO3).

Cylinderst 18-8-1 Stainless Steely see also Figure 6.2
SOLUTION CONCENTRATION DELAYED CRITICAL PARAMETERS
H/ Pu
SPECIFIC ATOMIC Height
GRAVITY OF Total Nitrate ® |RATIO
SOLUTION Plutonium Diameter | Height
(gn}’litre) ( mI::l r;)l;“re) (in.) (cm) Volume | Pu Mass
g D iameter

Plutonium Containing 4-88 wt$ Pu3*?

1415 226 522 106 134 3125 - - -
1317 165 402 151 289 - - -
1253 133 3.25 189 281 - - -
1.182 91+4 237 280 28-0 - - -
14153 735 201 351 2847 - - -
1125 604 1-61 429 30-2 - - -
1.090 433 1.21 602 349 - - e
1-104 50-7 1440 514 179 2195 - - -
1.078 35.1 1.05 746 244 - - -
1061 269 0-86 975 2765 - - -
1.048 21.0 074 1219 34405 - - -
1-044 17+5 0-68 1396 4125 - - -

Plutonium Containing 13-74% py?*® ®

1284 163 332 134 134 41.83 - - -
10204 14 2445 197. 37495 - - -
1-156 80-2 1.87 286 38.26 - - -
1.132 6546 1.60 352 40+25 - - -
1+120 5846 1448 395 42+02 - - -
1.392 215.5 5.03 959 17-9 27-3 - - -
14323 17445 417 124 35484 - - -
1.250 135 3.3 161 2,+86 - - -
1-195 102-5 2.59 218 23 - - -
1.141 730 1.92 310 2454 - - -
1-098 535 148 425 2585 - - -
1.090 4326 1.27 517 2747 - - -
1065 285 1.03 81 36+4 - - -
1.053 22 0-85 1061 52.0 - - -

3. Analytical results amended to give a reasonable fit with the recorded history of solutions prepara=-
tion
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EXPERIMENTAL RESULTS FOR SINGLE Pu CORES MODERATED BY HYDROGEN

Iable 6.9

Cylinders of Agueoys Solutions with Water Reflector

Fiseile Solutions

Cylinders:

Reflectors

Plutonium dissolved in excess aqueous nitric acid
Certain of the solutions were contasinated sith ssall
quantities of iron

Stainless Steel

Effectively infinite thickness (except where shown in Table)

are DELAYED QRITICAL CORE PARAMETERS
pulso REFLECTOR
Speclific Solution Concentration REFERENCES
Con::nt Gravity A.t‘::‘l'c THICRNESS Diameter Height & Volume Pu Mass
Plutonius of Plutonius Hydrogen Total N"f"" Water Igon Ratlo . Diameter (1itres) (xgm)
(wef) | Slotton} (oaiicee) [ yon MY lon %05 | (ewiitee) | (awi1tre)
(gm ton/1itre) (gn/1litre)
2-85 1-175 7740 1-419 152 ¢ - 0-644 - Eftectively’| a-01n.% | 19.01¢ < 15-665 [1-212 € 4
Infinite
2-85 1-2110 109-16 1-68° 166 9 - 0-39% . Effectively®| 3-01n.% | 11.76 - 12225 |13: 3
Infinite
11997 9-09 13 1365 - 0-318 - : ® | 1209 - 1260 |1-2%9 "
11859 8514 1-299 151 9 - 0-321 - : 5| 12.73 - 13-26  |1-128 N
1-1592 7392 1-7¢4 125-6% - 0-231 - : LA TR - w-s2  |1:0m 4
11441 61-49 1.9 1 9 - 0303 - : b1 45.78 - 16-44  [1-011 L
1-1329 54-33 1-363 119-¢¢ - 0-257 - . b1 r.ss - 18:29 o9 4
2.85 1175 7740 1419 152 ¢ - 0-644 - Effectively® | 10:01n.2 | 9.9 - 1278 0-989 4
Infinite
d d ) b
1165 7693 141 152 . 0371 . 9-7% . 1253 [0-964 4
1-146 62:47 152 ws 9 - 0-269 - . ® |01 - 1319 lo-60 4
1-130 49-26 1-63 w2 ¢ - 0-260 - : LA RPR ) - 16:5% |o-816 .
14130 49-26 1-63° w2 ¢ - 0-260 - : b1 12.82 - 1650 o-813 4
1-110 »-10 1-29 18 9 - 0-172 - : L TS - 2116 jo-80 n
a b e ° e ¢
2-83 199 5443 1.3 120 - 0-257 - Effectively® | 11-01n.> | 10-08 - 15-69° Jo-856 s
Infinite .
2-85 11202 a2 1-38 " - 0-21% - : b 1 1109° .. 17-2° jo-8151° ¢
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DELAYED CRITICAL CCRE PARAMETERS

oORE
240 Solution Concentration
c:"'mm Specific Weu | e Hetght REFERENCES
of Gravity Plutont Hydrogen' Total Nitrate Wat I A%omic Diamet Height Volume Pu Mass
of us Ion 1on NO) Jeer ron Ratio eter (=) (litres) | (xgm)
Ph(s:::;u. Solution (ga/litre) (9 ton/1itre) (on/11tze) (¢n/litre) { (30/litre) {ameter
1-202 -2 1-38 17 - 0-275 - a bl 10:66 - 16-60 | 0-784 4
1-1604 4173 277 215 - 0-255 - : b q2.85 - 2001 | 0-835 4
1-110 39-10 1-70 138 - 0-172 - b | y2.28 - 19:-12 | 0-747 I
12022 36-90 428 300-0 - 0-263 - b1 1693 - %3 | 0-973 4
109 3354 1.76? 4 - 0-193 - . b | 1557 - %2 | 0-813 I
1-09¢ 30-81 1-78? 1% ¢ - 0173 - B b1 13.55 - 28-88 | 0-8%9 4
2.9 1-48) 63-99 1-17 12141 - 0-298 - : b1 .98 - 13-98 | 0895 4
1-1360 48-98 1.38 139-0 - 0-238 - : > 1 19-22 - 15:91 | 0-780 4
1-2110 109-16 1.689 166 9 - 0-395 - :’ bl ¢.82 - 12-64 | 1-380 4
29 1-1260 4875 1z 116-3 - 0-223 - Effectively?| 12-01n.° | 880 - 1631 | 079 4
Infinite
1-1152 42:29 1-36 12646 - 0-174 - : bl 9. - 18-42 | 0-719 :
1-1077 36452 1-39 107-1 - 0-161 - : b1y - 20-71 | 0-758 4
1-1028 NU% 1°44 114+0 - 0-153 - : b1 43.16 - 2%-39 | 0-759 I3
- %45 1-09¢ 19 - 0-154 - : bl 17.5 - 3243 | 0-858 ¢
9 in.
- - 62-86 1713 - - - W ts‘::::gt -5 9 - - - 1-188 | 1, 12
only.)
- - 38-63 1-73 - - - 655 9 - - - fooewd| n, 12
- - 2855 1-73 - - - 892 ¢ 9 - - - Joed| 1, 12

a. Top reflection provided by a close-fitting, 12 in. water-filled piston fn 0-062 in. stainless steel. Piston penetrated by a straight, i in. dia. central tube and by a } in. dia.
spirit tube

b. Cylinder wall thickness 0-062 in.

c. This cylinder was sub-critical by an unknown amount
d. Estimates based on log-book entries
e. 0°065 in. layer of stainless steel was placed round the radial surface only of the cylinder
f. Two counters filled with natural BFy and two filled with enriched BFy were placed in a ring just ocutside, the core in the reflector

g. Cylinder wall thickness 1/16 in., base thickness } in. . A counter filled with BFy was placed in a tube alom the axis of the core.
‘to < 29m charge in critical Pu mass

h. Effect of absorption in Pu?*® gaid to be equivalent to ”ﬂ chngo in critical Pu mass
J.  Bffect of absorption in Pu?*® gaid to be equivalent te 22ga charge in critical Pu mass

A solution feed pipe was attached to the centre base of each cylinder

The effect of this 1s sald to be equivalent




:XPER[MENTAL RESULTS FOR SINGLE Pu CORE:S MODERATED RY HYDROGEN
Tyiole w10

Cylinderg of Aqueous Solutions with Beryllium Oxide/Graphite Reflector

References: 13, 14

Fissile Solutions: Plutonium dissolved in excess aqueous sulphuric acid (free acidity ~0<5N). The
solutions were contaminated with small amounts of iron

Cylinders: 25 cm diae x JO cm, wall thickness ! mm®c A 6 mn x 3 mm solution feed pipe was
attached to the centre base of the cylinder and the top was closed by a cover
surmounted by two 20 mm 4ia dnd one 10 mm dia access tubes. The cylinder,
including the feed pipe, was wrapped in a layer of blotting paper and then
enclosed within a close-fitting aiuminium jacket. A gap of 1-2 mm then intervened
between the aluminium jacket and the reflector.

Rcflectorbx A parallelepiped of beryllium oxide (average density 2:95 gm/cc) giving a minimum
thickness in any direction of 27+5 cm enclosed in a layer of graphiten?average
density 1-65 gm/cc) SO cm thick. The portion of the reflector located in the
upward projection of the tank was a removable plug resting on an aluminium plate

2 cm thick.
CORE DELAYED CRITICAL CORE PARAMETERS
COP:“: ) é:'ct:"c Solution Concentration . N . ione Height . .
Frotopton | St [ rissontin Toyarogen [ aconic |Ohgmeger | oeic el It
(wt %) Solution Diameter
‘ 65%Fe, 14% Ni, 17$Cr, 2-5fMo Steel Cylinder
178 - 32-172 - - - 5 18469 - 9174 205415
- © 31550 - - - 1917 - 9+410 29411
- 30+449 - - - 194612 - 94627 293413
- 29-684 - - - 20-05 - 9-842 292415
- 28995 - - - 204485 - 10-055 292454
- 28-331 - - - 20-94 - 10-279 292.21
- 27.668 - - - 21+43 - 10519 29104
.~ 27-035 - - - 2194 - 10770 29117
n_Zirconium ind
1.78 - 30-650 - - - 25 180 - 8475 25970
- 28-970 - - - 19-0 - 8940 258.99
- 27-598 - - - 19.856 - 9347 25796
- 27-040 - - - 20-238 - 94527 257.62
- 264650 - - - | 20:519 - 9659 | 25741
- 2597 - - - 21.035 - 9+902 25717
- 25393 - - - 21524 - 10-132 257.28
- 25.014 - - - 21.848 - 10-285 25727
- 24716 - - - 224126 - 10416 25744
- 23.991 - - - 22.9 - 10-780 258+6
- 23511 - - - 23-32 - 10977 2581
1.06 - 21.7 - - - | 2486 - 11720 | 2545
- 20-80 - - - 264175 - 12.310 256+2
- 20-36 - - - 26+870 - 12.680 258

a. This reflector is shown by calculation to be equivalent to a 60 cm thick beryllium oxide reflector, increasing
the critical mass by only 1% relative to the infinite beryllium oxide reflector

b. The thickness of the cylinder cover and base is different from that of the walls. An “effective uniform
thickness” of 1+4-2.1 mm 1s evaluated by calculation
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EXPERIMENTAL RESULTS FOR SINGLE Pu CORES MODERATED BY HYDROGEN

Rectilinear Parallelepipeds of PuOz2/Polyethylene Mixture

Reference: 10

Fissile Mixture: Pu®4° content of plutonium 3-24 wt 4
Specific Gravity -
Plutonium density 2-88 gm/cc

Core Temperature: 50-65°C

Reflector: Thick polyethylene (density 0+92 gm/cc)

In these experiments the cores were assembled from tablets
2 in. x 2 in. x 1 in. and submultiples of this size

DELAYED CRITICAL CORE PARAMETERS
/ a

H/Pu . Thickness Pu
Atomic Area Thz;ﬁn§ss E—— Volume Mass
Ratio : JArea (kgm)
55 9 in. x 9 in. 494 - - 189
546 6 in.x 6 in. 115 - - 19-6
8 in.x 8 in. 5+95 - - 180
7 6 in.x 6 in. Q-8 - - 167
7 in.x 7 in. 68 - - 157

a. The change in the H/Pu ratio occurs because of the release of hydrogen
gas by radiolysis of the polyethylene under the a activity of the
plutonium
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EXPERIMENTAL RESULTS FOR SINGLE Pu CORES MODERATED BY HYDROGEN

Table 6.12
Rectilinear Parallelepipeds of PuOa/Polystyrene® Mixture

References: 15, 16 :

Fis: e Mixture: Pu?® content of plutonium 2.2 wt %
Specific Gravity -
Plutonium Density 1414 gnycc
H/Pu Atomic Ratio 15
Particle Mesh Size 100

Reflector Materials 6 in. thick lucite

In these experiments the cores were assembled from 2 in. x 2 in. x 2 in. tablets of the fissile mixture (a few 1 in.
and } in. thick tablets were also available for final mass adjustments). All tablets were coated with a thickness
of about 0:001 in. of aluminium paint and then with rubberized plastic.

Each 2 in. cube tablet of fissile mixture generated about O:3 watts of heat as the result of @ emmission. Hence thd
core temperature was elevated above ambient as shown by the core centre temperatures given in the table. The core
surface temperatures were about 34°C. The temperature coefficients of reactivity for core centre temperatures in
the range 55-72°C are shown by subsidiary experiments to be ~-3 cents/oc for the unreflected assemblies and

~-0+25 cents/°C for the reflected assemblies.

Control and safety rods were of the fuel bearing type, penetrating the core horizontally from opposite directions.
The safety rod contained 2745 gm plutonium and penetrated the core to a depth of 8 in., occupying the space
normally filled by four 2 i{n. cubes. The control rod contained 127-5 gm plutonium and occupied the space normally
filled by two 2 in. cubes. Both rods were clad in a 0:051 in. thick steel jacket which fitted a 0-051 in. thick
steel sleeve contained in the core.

The cores were assembled on a 12 in. thick, low density aluminium honeycomb table which subsidiary experiments
showed to be equivalent to about a 0-07 in. charge in critical thickness for unreflected systems.

DELAYED CRITICAL CORE PARAMETERS
REFLECTOR
GEOMETRY Pu Centre
Area Thickness %?%352;51 Volume | Mass b Temperature
rea (kql) oC
Unreflected 12:21 in. x 1221 in. | 12:76 in. - - 33-73 60.2
c c c ¢

All surfaces 9-16 in. x 9+16 in. 852 in. - - 12.68 541
23°92 in. x 712 in. 6+11 in. - - 19.94 516

16+36 in. x 1628 in. 4-07 in. - - 19.22 542

Top and bottom surfaces 12:21 in. x 12:21 in. 951 in. - - 2413 52-4
Top, bottom and side surfaces |27-36 in. x 7:12 in. 611 in. - - 2110 503
Top, bottom and end surfaces 10-02 in. x 12:21 in. 8414 in. - - 1766 551

a. Atomic composition CH
b. Average stack density of plutonium 1-105 gm/cc

¢. In this experiment the combined effect of the control and safety rod sleeves and the absence of reflector behind
the control rod channels was determined to be ~10% in critical mass
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